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FOREWORD

This interim report provides descriptive and statistical analyses of the data
collected over a 1-year period on bird ingestion experiences for the B737
aircraft. The data described in this report were collected under a separate
contract by the engine manufacturers.

The report was prepared by the University of Dayton under Department of
Transportation, Federal Aviation Administration Contract DTFA03-88-C-00024. The
technical project monitors for the FAA during the preparation of the report were
Dr. Howard Banilover and Mr. Joseph Wilson. The principal investigator at the
University of Dayton was Dr. Peter W. Hovey, and computer support was provided by
Mr. Donald A. Skinn.
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EXECUTIVE SUMMARY

An investigation was initiated by the Federal Aviation Administration Technical
Center in September 1986 to determine the numbers, weight, and species of birds
which are ingested into medium and large inlet area turbofan engines during
worldwide service operation and to determine what damage, if any, results. This
interim report sumarizes the first of 3 years of Boeing-737 data being collected
to support this effort.

A total of 2.75 million aircraft operations were flown by Boeing-737 commercial
aircraft during the first year of this investigation which extended from October
1986 through September 1987. Boeing-737 aircraft equipped with Pratt and Whitney
JT8D medium inlet area turbine engines accounted for 80.8 percent of these
flights. The remaining 19.2 percent of the flights were made by aircraft having
CTM International CFM56 large inlet area turbofan engines.

A total of 314 engine ingestion events were reported during the first year of
data collection. There were 5.49 million engine operations during this same
period which yield a probability of engine ingestion of 5.72 x 10-5. A
conclusion of these data is that bird ingestion events are rare, but probable,
events.

When the species of the ingested bird was reliably identified, gulls were
determined to be the most commonly ingested birds. The majority of ingested
birds (30 of 37) weighed less than 40 ounces. The bird weight distribution of
ingested birds in the United States was different from the distribution in
foreign countries. The mean, median, and mode weights of ingested birds were
larger in the United States than abroad. The bird ingestion rate within the
United States was significantly lower than the foreign bird ingestion rate.

The majority (123 of 144) of aircraft ingestion events, for which the phase of
flight was known, occurred within the airport environment during takeoff and
landing. There were 39 engine ingestions which resulted in engine damage
classified as moderately severe or worse. The majority of bird ingestions
resulted in little or no engine damage. The majority of aircraft ingestion
events (273 of 302) involved a single bird and a single engine on the aircraft.
The remaining 29 aircraft ingestion events involved multiple birds and/or
multiple engines.

The following is a summary of the most pertinent statistics extracted from the
first year of data for the Boeing-737 aircraft:

Total Engine Ingestion Events 314

Total Aircraft Ingestion Events 302

Average Bird Weight (oz)

United States 20.7

Foreign 11.1

Median Bird Weight (oz)

United States 14

viii



Foreign 9

Probability of Ingestion Per Aircraft Operation

Worldwide 1.10 x 10 - 4

United States 0.53 x 10 - 4

Foreign 1.79 x 10 - 4

Most Commonly Ingested Bird

United States Dove/Gull

Foreign Gull/Lapving

Engines Experiencing Moderate/Severe Damage 39

Multiple Bird Ingestion Events 20

Multiple Engine Ingestion Events 12

Aircraft Ingestion Events By Phase-of-Flight

Takeoff and Climb Phase-of-Flight 56.9%

Approach and Landing 30.6%

Airports Reporting Bird Ingestions 137

Ratio of Reported Events to Aircraft Operations

United States 0.53 x 10- 4

Foreign 1.79 x 10- 4
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SECTION 1

INTRODUCTION

1. I BACKGROUND.

Contention for airspace between birds and airplanes has created a serious
bird/aircraft strike hazard. A past study [1] has indicated that birdstrikes to
engines are statistically rare events. The probability of a birdstrike during
any given flight is extremely low; however, when the number of flights is
considered, the number of birdstrikes becomes significant.

The windshield and the engines are particularly vulnerable to the birdstrike
threat. Although penetration of the windshield by a bird is primarily a concern
for military airplanes operating at high speeds in a low-altitude environment,
such a penetration has occurred on a civilian airplane resulting in the death of
the co-pilot. Ingestion of birds into airplane engines is a problem for
commrcial as well as military jet airplanes for it can cause significant damage
to the engine resulting in degraded engine performance and possible failure.

In his study of bird ingestions on commercial flights, Frings [11 indicated that
nearly all bird ingestion events have occurred in the vicinity of airports
during the non-cruise phases of flight. This is understandable because these
phases of flight naturally occur closer to the ground where bird concentrations
are higher, resulting in a higher probability of birdstrike.

The solutions to the problem of engine damage resulting from bird ingestion are
similar to those for windshield birdstrike, e.g., structural design
consideration to withstand impact or bird avoidance. Bird avoidance can be
facilitated by either of two approaches: (1) keeping airplanes out of airspaces
with large bird concentrations, or (2) removing birds from these regions of
airspace. Neither bird avoidance approach is well-suited to commercial air
fleets because flight schedules place airplanes in specific areas at specific
times and the effectiveness of airport bird control programs (if any) varies from
airport to airport and country to country.

Structural design of engines to withstand bird ingestions can be accomplished
provided that requirements with respect to bird sizes and numbers can be
identified. Bird ingestion data for medium/large inlet area turbofan engines and
small inlet area turbine engines are currently being collected by several engine
manufacturers. Statistical evaluation of bird ingestion data from these data
collection efforts and previous bird ingestion studies will be useful in re-
evaluating certification test criteria specified in FAA regulation 14 CFR 33.77.
As a result, future jet engines can be designed to withstand more realistic bird
threats.

1.2 OBJECTIVES.

The objective of this interim report is to determine the relationship of bird
weight, geographic location, season, time of day, phase of flight, and engine
type to the frequency of bird ingestion events and the extent of engine damage,
if any, resulting from the ingested birds. The statistical analysis of
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reported bird ingestions experienced by commercial Boeing-737 (B737) airplanesworldvide over 1-year reporting period (October 1986 through September 1987) is

used to summarize the service threat and level of engine damage experienced by
these airplanes. The findings of the analysis will be helpful in defining
minimum engine design requirements for resistance to damage as a result of bird
ingestions. Moreover, this study will provide a comparison between the
experiences of a contemporary high-bypass ratio turbofan engine (CFM56) and an
older low-bypass ratio turbofan engine with a smaller inlet (JT8D) exposed to
similar aircraft-bird ingestion environments.

1.3 ORGANIZATION OF REPORT.

Section 2 defines, discusses, and differentiates airport operations and
aircraft operations. Section 3 identifies the characteristics and behavior of
bird species that have been ingested and reliably identified. Section 4
describes bird ingestion rates by location, engine type, and phase of flight.
Sectioli 5 provides a geographic placement of bird ingestion events throughout the
world. Section 6 summarizes engine damage resulting from bird ingestions.
Section 7 examines the probabilities of various bird ingestion events. Section 8
provides a suary of the results obtained during this phase of data analysis.
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SECTION 2

AIRCRAFT OPERATIONS AND AIRPORT OPERATIONS

Aircraft and airport operations data are used to determine bird ingestion rates.
Operations data (and their sources) used to generate bird ingestion rates are
discussed in this section. A Glossary is provided to aid in understanding these
data.

An aircraft operation as defined in the glossary is a nonstop flight from one
airport (departure airport) to another airport (arrival airport) and consists of
8 phases of flight which include (1) taxi-out, (2) takeoff, (3) climb, (4)
cruise, (5) descent, (6) approach, (7) landing, and (8) taxi-in. An airport
operation is considered either a departure from or an arrival at an airport.
When all scheduled flights are considered, the number of airport operations is
twice the number of aircraft operations.

The Official Airline Guide (OAG) is the data source for scheduled airport
operations. Counts of airport operations involving B737 airplanes were extracted
from OAG magnetic tapes and maintained by airport code. The counts were further
categorized by month of year and hour of day so that seasonal and time-of-day
analyses could be performed.

Table 2.1 presents the SA0 airport operations counts by seasonal months. The
counts are also broken down by several geographic regions. Table 2.2 presents
the same airport operations counts as table 2.1; however, an adjustment for
hemisphere has been made. It should be noted that the number of aircraft
operations for each of these categories is one-half the number of airport
operations.

Table 2.3 cross tabulates airport operations for each month of the reporting
period by OAG destination-arrival code in two ways. The first tabulation
includes all airports at which one or more B737 operations were scheduled during

the reporting period. The second tabulation is a subset of the first and
includes only those airports at which a bird ingestion event was reported during
the period. The destination-arrival code is taken directly from the OAG tapes,
and its values are presented as a footnote in table 2.3.

A breakdown of aircraft operations by engine type and geographic region is
required to obtain bird ingestion rates for these parameters. Table 2.4
presents a breakdown of B737 aircraft operations by engine type and geographic
region for the reporting period. The OAG operations data identify implicitly the
geographic region through the airport code and also identify explicitly whether
the airplane is a B737; however, the engine type of the airplane is not reliably
identified in the OAG data. The aircraft operations presented in the ALL ENGINES
column of table 2.4 are derived by dividing the airport operations in the TOTAL
colmin of table 2.1 by 2. The aircraft operations for the CF56 engine were
provided by the engine manufacturer as actual flights flown during the reporting
period and are considered reliable. Similar data were not available for the JT8D
engine. The JTSD aircraft operations were therefore derived by subtracting the
CFM56 aircraft operations from the total aircraft operation for both engines.
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TABLE 2.3 OAG AIRPORT OPERATIONS BY MONTH

ALL AIRPORTS WITH SCHEDULED B737 OPERATIONS

MONTH OAG DESTINATION-ARRIVAL CODES

(0) (1) (2) (3) (4) (Total)

OCT'86 193,968 231,432 2,880 0 3,074 431,354
NOV'86 189,972 227,934 2,498 0 2,974 423,378
DEC'86 200,544 242,892 2,916 42 3,614 450,008
JAN'87 201,148 245,030 2,856 102 3,514 452,650
FEB'87 180,814 225,126 2,620 96 2,826 411,482
MAR'87 202,102 253,710 3,092 88 2,758 461,750
APR'87 200,608 249,398 3,172 120 2,730 456,028
MAY'87 207,444 258,486 3,718 158 3,072 472,878
JUN'87 205,696 256,952 3,854 68 3,144 469,714
JUL'87 215,568 269,914 3,680 174 3,412 492,748
AUG'87 215,770 269,582 3,686 196 3,436 492,670
SEP'87 212,012 257,798 3,544 162 2,996 476,512
--- --- - --- -- -- ---- --- ------ --.. .. .. -- - - - - - - -.. . ... .... .. . . .

TOTAL 2,425,646 2,988,254 38,516 1,206 37,550 5,491,172

AIRPORTS EXPERIENCING BIRD INGESTIONS DURING REPORTING PERIOD

MONTH OAG DESTINATION-ARRIVAL CODES
. . °...... ---- ------ ---- ----- --- ----- ----- --------- --- ------- -----......... ..

(0) (1) (2) (3) (4) (Total)
--------. ........ ........- ........ ........- .. ......

OCT'86 70,533 106,978 1,397 0 436 179,344
NOV'86 71,139 105,585 936 0 409 178,069
DEC'86 74,190 112,612 1,160 21 447 188,430

JAN'87 74,233 114,171 1,266 51 422 190,143
FEB'87 67,670 104,265 1,122 48 361 173,466
MAR'87 75,326 116,536 1,102 44 400 193,408

APR'87 75,889 115,078 1,056 60 400 192,483
MAY'87 79,106 118,677 1,166 105 468 199,522
JUN'87 78,199 118,057 1,307 42 454 198,059
JUL'87 81,903 123,270 1,290 118 473 207,054
AUG'87 81,915 122,813 1,230 134 467 206,559
SEP'87 82,407 115,762 1,229 108 430 199,936
.... ... °.. ........ .... m . ... ... .. ..... - -- - .m....... ........

TOTAL 912,510 1,373,804 14,261 731 5,167 2,306,473

** -0 Any Carrier. Operation begins and ends out of the US.
-1 Domestic Carrier. Operation begins and ends In the US.
-2 Domestic Carrier. Departure or arrival, but not both, in the US.
-3 Foreign Carrier. Operation begins and ends in the US.
-4 Foreign Carrier. Departure or arrival, but not both, in the US.
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The FAA initially provided UDRI with a listing of reported aircraft operations by
month and engine type. The total number of aircraft operations for each engine
type was later deemed questionable. Monthly percentages were determined for each
engine type from the listing and subsequently applied to the JT8D and CFK56
engine totals in table 2.4 to estimate monthly aircraft operations for the
reporting period. Figure 2.1 is a histogram showing the estimated aircraft
operations for each engine type.

TABLE 2.4 SCHEDULED AIRCRAFT OPERATIONS BY ENGINE TYPE

GEOGRAHIC LOCATION JT8D CFM56 ALL ENGINES

United States 1,160,091 353,656 1,513,747

Foreign 1,057,633 174,206 1,231,839

Worldwide 2,217,724 527,862 2,745,586
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BOEING-737 BIRD INGESTION STUDY

AIRCRAFT OPERATIONS FOR B-737 COMMERCIAL FLEETS
( OCTOBER 1986 - SEPTEMBER 1987 )
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SECTION 3

CHARACTERISTICS OF INGESTED BIRDS

This section provides a description of the birds that were ingested during the
data collection period and an analysis of the extent of the bird ingestion
threat. The bird related features that are described in this section include
species, weight, seasonal trends, tiame-of-day trends, and geographic location.

A detailed breakdown of aircraft ingestion events in the United States is
presented in figures 3.1 and 3.2. Figure 3.1 is a contour map of the contiguous
United States with the height of the contours being proportional to the number of
aircraft ingestion events in each state while figure 3.2 is a bar chart with the
same information plus Alaska and Hawaii. Texas and California have the greatest
number of ingestions followed by Florida, North Carolina, and New York.

Table 3.1 provides a tally of all the species that were positively identified by
an ornithologist during the collection period. The counts in the United States,
Foreign, and Overall columns of table 3.1 indicate the number of aircraft
ingestion events in which each bird species was ingested. The species are listed
by order and family; and it is apparent that gulls, doves and the laping/plover
family are the most commonly ingested birds with six ingestions each. Doves and
gulls were the most commonly ingested bird in the United States while the
lapvings appear to be mainly a foreign species.

One of the disappointing features of the B737 bird ingestion data base is the low
bird identification rate. The bird species was positively identified in only 28
out of 302 aircraft ingestion events that were recorded giving a 9.3 percent
identification rate. The identification rate for events in which the engine
sustained damage was slightly better (12.5 percent) than the identification rate
for events which caused no engine damage (5.2 percent); which could indicate that
the group of identified birds is biased to include more birds in the size and
weight ranges that tend to damage engines when ingested. Any conclusions about
the population of ingested birds should be viewed with the caution that the
sample might be more representative of the population of birds that damage
engines than of all birds that are ingested.

The species-related descriptions of ingested birds in this report probably
provide a conservative view in that the birds that caused damage are better
represented in the ample than birds that did not cause damage. The bird
features that influence damage cannot be discerned, however, because of the
possible bias in the identifications. That is, the differences between the birds
that cause damage and the birds that don't cause damage cannot be readily
identified since there is less information about the birds that didn't cause
dmage.

Table 3.2 is a frequency table of weights for the positively identified birds.
The numbers in table 3.2 represent the total number of ingested birds. It should
be noted that 2 was used as the number of birds when the exact number of
positively identified ingested birds is unknown for a multiple bird ingestion
event. The bird weights are derived from the species identification and when
possible are adjusted for the aS and sex of the ingested bird. The modes in
table 3.2 therefore represent the weights of the more comoKly identified bird
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BOEING-737 BIRD INGESTION STUDY

HISTOGRAM OF BIRD INGESTION BY STATE
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TABLE 3.2 WEIGHT DISTRIBUTION OF INGESTED BIRDS

WEIGHT RANGE (Oz) U.S. FOREIGN WORLDWIDE

( 0< x <- 4) 8 3 11

( 4<x <- 8) 3 2 5

(8 < x <- 12) 0 3 3

12 < x < 16) 7 3 10

16 < x <- 20) 1 0 1

(36<xC,- 40) 3 1 4

(52 < < 56) 2 0 2

(124 < x < 128) 1 0 1

TOTAL 25 12 37
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species that were ingested. Figure 3.3 provides the same information in the form
of a histogram. Most of the ingested birds that were identified in this study
weighed less than 16 ounces; however 21.6 percent of the identified birds weighed
more than 1 pound.

Summary statistics calculated from the raw data for the United States, foreign
and worldwide bird weight distributions are presented in table 3.3. The mean,
median and mode are three different concepts for the typical or average value
which measures the central tendency of the distribution. The median and mode
are more relevant measures of the average for the bird ingestion problem. The
mean weight would be important if damage were related to the cumulative weight of
all birds ingested by a single engine since the mean is based on the total weight
of the ingested birds.

A pattern suggestive of a sine function is seen in figure 3.4 which is a bar
chart of monthly bird ingestions for the data collection period. A cyclic
pattern in aircraft ingestion events is expected since bird activity is seasonal;
however, a second year of data is required to show that the periodic property in
the pattern of monthly ingestion events repeats. The start of a cyclic pattern
is also seen in the ingestion rate data which indicate that the trends are due to
the changing bird population and not changes in air traffic activity. Time
trends in bird ingestions are further investigated on a seasonal basis in the
following paragraphs.

The seasonal bird ingestion rates for the northern and southern hemispheres, the
United States and foreign countries, and the whole world are presented in the bar
chart of figure 3.5. Here the ingestion rates are not being compared by engine
type so the ingestion rate R is simply calculated as:

. 10000
R - Ing Ops 3.1

where Ing is the number of ingestions and Ops is the number of aircraft
operations in the time period being considered. The rate is expressed as
ingestions per 10,000 aircraft operations.

Seasonal trends were investigated using a Chi-squared goodness-of-fit (GOP)
analysis. The Chi-squared value for testing the hypothesis "that the number of
aircraft ingestion events does not vary with the seasons" is 22.22. The
critical value for testing at the five percent level of significance is 7.81
while the 0.5 percent level is 12.8; therefore, the high value of the test
statistic is a strong indication that ingestions do vary with the seasons.

The winter data were eliminated in an effort to better identify the nature of the
differences between the seasons. Testing for the equality of the ingestions for
spring, summer, and autumn also yields.a significant difference with a test
statistic of 6.05 and a five percent critical value of 5.99. After eliminating
the data from the next lower season, there is no detectable difference between
sumer and autum so that the data indicate that there are the fewest ingestions
in the winter, followed by an increase in ingestions in the spring, with the
mazl m number of ingestions occurring during the stuner and carrying through
the autumn.

13



TABLE 3.3 SUMMARY STATISTICS FOR INGESTED BIRD WEIGHTS

SAITCUNITED STATES ERINWORLDWIDE
(OZ.) (OZ.) (OZ.)

MODE (S) 14 9 14

MEDIAN 14 9 10

MEAN 20.7 11.1 17.6

STANDARD DEVIATION 27.8 10.3 23.9
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The time-of-day distribution of bird ingestion events is illustrated in figure
3.6 with time of day reduced to the four basic segments of morning, mid-day,
evening, and night. There is a noticeable drop in the number of ingestions at
night and the Chi-squared test for equality of the four time periods indicates
that they are not the same. The Chi-squared test statistic is 12.1 while the
99th percentile of the Chi-squared with three degrees of freedom distribution is
11.34.

There are two likely reasons for a drop in ingestions during the night. Birds
are not generally nocturnal so that bird activity is reduced at night. Also,
there are fewer flights scheduled at night. A lessened exposure due to fewer
flights and fewer birds results in a reduction in the number of ingestions at
night.

BOXING-737 BIRD INGESTIONI STUDY

HISTOGRAM Of BIRD INGESTIONS BY TIME or DAY
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Figure 3.6 Histogram of Aircraft Ingestion Events by Time of Day
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SECTION 4

INGESTION RATES

This section describes the rates at which bird ingestions occurred during the 1-
year collection period covered in this report. The Poisson distribution is
commonly used to describe how events are randomly scattered in time, and the bird
ingestion data are shown to agree with the assumptions of a Poisson process.
The first part of this section provides the estimates of the basic ingestion
rates. The second part describes the Poisson distribution and how it relates to
the bird ingestion events. The final parts discuss statistical analyses based on

the assumption that bird ingestions follow a Poisson process.

4.1 INGESTION RATE ESTIMATES.

This section provides a general description of ingestion rates broken down by
location, engine, and phase of flight. The rates are given in terms of
ingestions per 10,000 aircraft operations and have been adjusted to the inlet
area of the engine to allow size independent comparisons between engines. The
inlet area used throughout this report is called the "fat lip area" and was
specified by the Boeing Co. for each type of engine installation. A more
detailed statistical analysis of ingestion rates is covered in the next section
using statistical techniques for Poisson processes.

Table 4.1A lists the United States, foreign and worldwide ingestion rates for
both the JT8D and the CFM56 engines as well as a composite rate for all 737
aircraft. The inlet area adjustment was done using a 10-square-foot unit area on
the basis of the total inlet area of both engines to keep the rates in a
reasonable range. The composite rates in each geographical region are weighted
means of the inlet area adjusted rates for the individual engines and are
determined as follows. The number of ingestions per 10-square-foot inlet area
for each engine is projected by multiplying the rates by the number of aircraft
operations. The composite rates are calculated by dividing the total projected
ingestions for both engines by the total aircraft operations for the geographical
region. Table 4.1B lists engine ingestion rates based on engine operations and
normalized for the engine inlet area.

The ingestion rates for the CFM56 engine were calculated using reported aircraft
operations for specific geographical regions. The ingestion rates for the JT8D
engine were calculated using estimated aircraft operations for specific

*geographical regions. The details of the calculation were presented in Section
2.

Figure 4.1 shows monthly ingestion rates subdivided by engine type and adjusted
for inlet area so that a comparison between engine types can be made. The
adjusted monthly ingestion rate (Radj) for an engine type is expressed as
ingestions per 10 ft2 per 10,000 aircraft operations is calculated as:

1440 . 1000
Radj - Ing 21A Op 4.1

where Ing is the number of monthly aircraft ingestion events for an engine type,
IA is the inlet area (in2) of the engine type, and Ops is the number of aircraft

t 18



TABLE 4.1.A BREAKDOWN OF BIRD INGESTION RATES BY ENGINE AND LOCATION
(BASED ON AIRCRAFT OPERATIONS)

ENGINE TYPE: JT8D CFM56 ALL ENGINES

INLET AREA:* 2234 in2  4606 in2  N/A

UNITED STATES
Aircraft Ingestion Events 40 40 81
OAG Aircraft Operations 1,160,091 353,656 1,513,747
Ingestion Rate 0.34 1.13 0.54

(Ing/l0K Ops)

Normalized Ingestion Rate 0.22 0.35 0.25
(Ing/lOK Ops/lOft

2)

FOREIGN

Aircraft Ingestion Events 173 48 221
0AG Aircraft Operations 1,057,633 174,206 1,231,839
Ingestion Rate 1.64 2."F 1.79

(Ing/10K Ops)

Normalizes Ingestion Rate 1.05 0.86 1.03
(Ing/10K Ops/lOft2)

WORLDWIDE
Aircraft Ingestion Events 213 88 302
OAG Aircraft Operations 2,217,724 527,862 2,745,586
Ingestion Rate 0.96 1.67 1.10

(Ing/lOK Ops)

Normalizes Ingestion Rate 0.62 0.52 0.60
(Ing/loK Ops/lOft2 )

*Total Area for 2 Engines
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TABLE 4.1B BREAKDOWN OF BIRD INGESTION RATES BY ENGINE AND LOCATION
(BASED ON ENGINE OPERATIONS)

ENGINE TYPE: JT8D CIK56 ALL ENGINES

INLET AREA:* 1117 in2  2303 in2  N/A

UNITED STATES
Engine Ingestion Events 43 43 87
OAG Engine Operations" 2,320,182 707,312 3,027,494
Ingestion Rate 0.19 0.61 0.29

(Ing/lOK Ops)

Normalized Ingestion Rate 0.24 0.38 0.28
(Ing/10K Ops/10ft2)

FOREIGN
Engine Ingestion Events 175 52 227
OAG Engine Operations*" 2,115,266 348,412 2,463,678
Ingestion Rate 0.83 1.49 0.92

(Ing/1K Ops)

Normalizes Ingestion Rate 1.07 0.93 1.05
(Ing/1OK Ops/lOft2 )

WORLDWIDE
Engine Ingestion Events 218 95 314
OAG Engine Operations** 4,435,448 1,055,724 5,491,174
Ingestion Rate 0.49 0.90 0.57

(Ing/lOK Ops)

Normalizes Ingestion Rate 0.63 0.56 0.62
(Ing/10K Ops/IOft

2)

*Area for 1 Engine

•* Engine Operations - 2 x Aircraft Operations
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Figure 4. 1 Histogram of Monthly Aircraft Ingestion Rates by Engine Type
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operations for the month. Twice the engine area is used because there are two
engines on each B737 aircraft. The constant 1440 is the factor for converting
square inches to units of 10 square feet areas.

The phase of flight ingestion rate breakdown is presented in table 4.2A. The
method used to calculate ingestion rate 1 is expressed in equation 3.1. The
area adjustment used for ingestion rate 2 is implemented using equation 4.1. The
highest ingestion rates were in the takeoff and landing phases followed by the
climb and approach phases. There were very few ingestions during the taxi and
cruise phases of flight and none were reported during descent. This pattern is
typically seen n bird strike and bird ingestion studies and is indicative of the
fact that airports are often located in desirable bird environs. Since birds
congregate around airports there is a greater chance of striking or ingesting a
bird during the phases of flight that take place close to the airports. Also,
commercial airline cruise routes are well above the altitude in which birds are
usually found. Table 4.2B list engine ingestion rates as a function of phase of
flight. The differences in injestion rates between table 4.2A and 4.2B are due
to multiple engine ingestions.

4.2 THE POISSON PROCESS.

The Poisson process is the simplest type of stochastic process which describes
how events are distributed in time. The Poisson process is here taken to govern
ingestion events, and the times at which these events occur are random. In a
Poisson process the events are distributed somewhat evenly in time so that it
appears the times at which the events occurred form a uniform distribution. This
section describes some of the properties of Poisson processes that will be useful
in describing bird ingestions and in testing hypotheses about bird ingestion
rates.

The basis of a Poisson process is a description of the probability distribution
of the number of events that occur in a given time interval. The formula for the
probability of n events in an interval of length T is:

Se-AT (A T)n

P(X(T)-n) - n! 4.2

The parameter A is the mean rate at which events occur and the mean number of
events in the length T time interval is AT. The time scale that will be used in
this study is number of aircraft operations. Ingestion rates are typically
reported in events per 10,000 aircraft operations which implies the use of
aircraft operations as the time scale in a Poisson process.

One derivation of the formula for the Poisson distribution is the limiting
distribution of the binomial distribution for large sample sizes. If we assume
that the probability of a bird ingestion is the same from flight to flight, then
the number of ingestions in a large number of flights has a binomial
distribution. If the probability of ingestion is p and the number of flights is
N then the probability that n ingestions occur in the N flights is:

N
P(X(N)-n)- n pn(i.p)(N-) 4.3
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The binomial probabilities in equation 4.3 can be approximated by a Poisson
distribution with mean Np for large values of N. That is, the single flight
probability of an ingestion, p, replaces X in equation 4.2.

An important question that can be investigated through the Poisson process model
of bird ingestions is the influence of inlet area on the ingestion rates. Past
studies (2,3) in bird strikes have used the assumption that the probability of a
bird strike is proportional to the cross sectional area of the aircraft.
Applying the same concept to engines Implies that the bird ingestion rate should
be proportional to the inlet area of the engine.

The inlet area effect can be incorporated into the Poisson process model by
letting the parameter represent the ingestion rate per unit area. The
probability of n ingestions in N operations for an engine with inlet area A is:

a-AM (B)n
P(X(N)-n) - n! 4.4

4.3 VALIDITY OF THE POISSON PROCESS MO3DEL FOR BIRD INGESTION.

The applicability of the Poisson process model can be tested by analyzing the
times between ingestions. The interarrival times in a Poisson process are
random variables that have independent exponential distributions and the mean
time between arrivals is the reciprocal of the ingestion rate. The validity of
the Poisson process model can be tested by applying a goodness-of-fit (GOF) test
for the exponential distribution to the times between ingestions.

The times between ingestions are measured by the number of days between aircraft
ingestion events. Normally the number of aircraft operations between aircraft
ingestion events would be used; however it is impossible to measure this
directly. The number of days between aircraft ingestion events provides a
suitable measure of the tine between ingestions since the number of aircraft
operations has little day-to-day variability.

The GO test for the exponential distribution is a modified Kolmogorov-Smirnov
(K-S) test comparing the observed cumulative distribution function (CDF) to the
predicted exponential CDF based on the sample mean. The K-S test uses the test
statistic D defined as the maximum distance between the observed and predicted
cumulative distribution functions. A modification to the critical values for the
test statistic is required when the predicted CDP is derived from the mean of the
sample. The critical values for the modified K-S test were computed by Liliefors
(4). The critical value for a .05 level of significance when the sample size, n,
is larger than 30 can be approximated by 1.06/.

The modified K-S test was run on four subgroups of the data broken down by
engine and location. The four groups were (1) domestic (United States) JT8D, (2)
foreign JTSD, (3) domestic C1K56, and (4) foreign C1M56. Figures 4.2 to 4.5
compare the observed and predicted cumulative distributions for each of the four
groups, respectively. In each case there is a very close visual agreement
between the observed and predicted CDP's.
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The visual similarities are verified by the statistical tests vhich are
summarized in table 4.3. The mean time between ingestion events is given in
column one, the sample size is in column two, the critical value for a five
percent significance level (D*) is in colu- three, and the test statistic (D)
is in column four. The assumption that the times between ingestion events come
from an exponential distribution cannot be rejected at the five percent level in
any of the four groups. The use of a Poisson process to model bird ingestions is
appropriate based on these test results.

TABLE 4.3 RESULTS OF THE EXPONENTENTIAL GOP TESTS TO
VERIFY THE POISSON PROCESS

SAMPLE

United States JT8D 9.14 40 0.17 0.06

Cintiguous US JT8D 12.17 30 0.19 0.09
Foreign JT8D 2.22 173 0.08 0.10
United States CFM56 9.00 40 0.17 0.08

Contiguous US CFM56 9.00 40 0.17 0.08
Foreign CFM56 7.64 48 0.15 0.07
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4.4 INLET AREA EFFECT ON INGESTION RATES.

One property of the Poisson process model described in Section 4.2 is that
ingestion rates should be proportional to the inlet area of the engine. The size
effect can be investigated in the B737 bird ingestion data by comparing the
number of ingestion events of the JT8D with the number of ingestion events of
the ClK56. According to equation 4.4 the total number on ingestion events during
the reporting period for a given engine has a Poisson distribution with a mean
that is proportional to the number of aircraft operations in the year and to the
inlet area of the engine. The number of JT8D ingestion events out of the total
number of ingestion events will have a Binomial distribution if the Poisson
process model is valid.

The proportion of total ingestion events that occurred in JT8D engines
should be:

OJ*AJ
P - OJ*AJ-OC*AC , 4.5

where OJ and OC are the numbers of worldwide aircraft operations for and AJ and
AC are the inlet areas of the JT8D and CIM56 engines, respectively. The
relevant values for Equation 4.5 can be obtained from table 4.1 giving an
expected proportion of JT8D ingestion events of P - 0.67. Out of 301 total
ingestion events, there were 213 JT8D ingestion events so the observed
proportion of JT8D ingestion events is 0.71. The test statistic to compare the
observed proportion to the predicted is the standard Z statistic for the
binomial distribution given by:

Z - (P - P) /C? * (1-P) (N) , 4.6

where P is the observed proportion of JT8D engines and N is the total number of
aircraft ingestion events.

The Z statistic defined in equation 4.6 is used to test the null hypothesis that
there is no difference between the two types of engines in ingestion rates after
adjusting for area. The test statistic is computed by substituting the value
0.67 for P and 0.71 for P in equation 4.6 to give a value of 1.36. The Z value
of 1.36 is not significant at the 5 percent level of significance so there is no
detectable difference in ingestion rates between the JT8D and the CFM56 after
adjustment for the inlet area.

A second school of thought suggests that the relationship between engine size and
ingestion rate is described better as a linear function of diameter than as a
linear function of area. A similar Z test can be computed by substituting
diameter for area in equation 4.5. The expected proportion of JT8D ingestion
events after an adjustment for diameter is P - 0.74 and the test statistic is Z =
-1.50. The null hypothesis is that there is no difference in ingestion rates
after adjusting for diameter and the conclusion of the test is that there is no
detectable difference at the 5 percent level of significance. There are
insufficient data to determine whether area or diameter is the better measure of
engine size to account for differences in ingestion rates.
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SECTION 5

AIRPORT BIRD INGESTION EXPERIENCE

The objective of the statistics of this section is to identify the frequency and
location of bird ingestion events at airports worldwide. An aircraft ingestion
event is the simultaneous ingestion of one or more birds by one or more engines
of an aircraft. Most of the bird ingestion data were provided by the engine
manufacturer. Airport ingestion rates are expressed in terms of aircraft
ingestion events per 10,000 airport operations.

The OAL tapes indicate that there are 1,032 airports worldwide for which
5,491,172 B737 airport operations were scheduled during the reporting period.
Appendix A lists the airport code, airport location, and the number of scheduled

airport operations at these airports. Bird ingestion events were reported at
only 137 of these airports. The OAG tapes show that there were 2,306,473
scheduled airport operations at these 137 airports. There were also bird
ingestion events reported by unscheduled B737 flights at five additional
airports. These five airports (Gualequaychu, China, Kosti, Sudan, Milan, Italy,
Surat, India, and Jerez Dela Frontera, Spain) are included in appendix A but
there are no OAG operations counts for them.

A complete stumary of the airports having reported aircraft ingestion
events is presented in table 5.1 as a frequency count of worldwide bird ingestion
events by phase of flight. The majority of aircraft ingestion events occur
during takeoff or landing. This table suggests that the threat of bird

*ingestion is posed primarily from birds which live near the airport and/or whose
migratory path crosses over or near the airport property.

Figure 5.1 is a bar chart showing reported aircraft ingestion events at domestic
airports during the reporting period. There are 44 domestic airports at which
bird ingestion events have been reported. The largest number of bird ingestion
events reported in the United States during the period was 4 at Dallas, Love
(DAL). Of the 80 bird ingestion events reported in the United States, 14 events

occurred at an unknown location and they are assigned to the airport code XUS on
the bar chart.

Figure 5.2 is a bar chart shoving reported aircraft ingestion events at foreign
airports during the reporting period. There are 98 foreign airports at which
bird ingestions have been reported. The largest number of aircraft ingestion
events reported abroad during the period is eight at Frankfort, Germany (FRA).
Of the 221 aircraft ingestion events reported outside of the United States, 67
events occurred at an unknown location and they are assigned to the airport code
XIO on the bar chart.

Table 5.2 lists all airports worldwide which experienced three or more aircraft
ingestion events during the reporting period. The table also includes the number
of ingestion events, the number of OAG airport operations, and the rate of
aircraft ingestion events per 10,000 airport operations. The airports are listed
in descending order of airport operations.
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The rates of bird ingestion events per aircraft operation as summarized
previously in table 4.1 are twice the rates of bird ingestion events per airport
operation. The number of reported foreign bird ingestion events exceeds the
number of reported domestic ingestion events by a factor of 2.7; however, the

*number of foreign airport operations is less than the number of domestic airport
operations. The rate of reported bird ingestions per airport operation is 3.4
times higher at foreign airports than at domestic airports. This implies that
either (1) there are far less birds in the environment of domestic airports,
possibly due to environmental control progrm, or (2) foreign airline operators
are much more conscientious and cooperative in reporting bird ingestions.
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SECTION 6

ENGINE DAMAGE DESCRIPTION

The type of damage incurred by well-defined bird ingestions is useful in
refining bird certification test criteria that could lead to improved engine
design. In general, three parameters are used to describe engine damage and
failure. The first is the type of damage incurred, the second is whether or not
the engine failed, and the third is a description of the crew action taken during
the ingestion event. The first part of this section provides descriptions of the
types of damage Incurred during the study and the types of crew actions
implemented as a result of the bird ingestion. The second part describes the
statistical analysis of the relationship between bird weight and the likelihood
of damage occurring in an ingestion. (The information about engine failures was
not available at the time of this report so engine failures are not discussed
here.)

6.1 ENGINE DAMAE AND CREW ACTION DESCRIPTIONS.

The types of damage that were identified in the data base were grouped into 14
categories which are defined in table 6.1. Within the first year of data
collection only 11 of the categories occurred. Tabulations of the occurrences of
combinations of damage categories are presented in table 6.2. The triangular top
portion of the table provides tallies of co-occurrences for all pairs of damage
categories. The number in the top portion represents the number of engine
ingestion events in which both the row damage and the column damage occurred.
The events in which nora than two types of damage occurred were also included in
the tallies of the top portion of table 6.2. There were six events in whichthree types of damage occurred and one event with five types of damage.

There are insufficient data in the top portion of table 6.2 to make any strong
statements about correlations between types of damage. There is some indication
that bent and dented blades accompany broken and shingled blades and that leading
edge damage is connected to shingling; however, these trends cannot be strongly
substantiated because of the small amount of data. The observed trends could
provide the starting point for further investigations into the damage mechanisms
of bird ingestions.

The bottom half of table 6.2 provides tallies of the number of events in which
each damage category was the only type of damage and the total number of events
that involved each of the damage categories. Fewer than three bent and dented
blades, shingled blades, and broken blades seem more likely to occur by
themselves than other types of damage. When more than three blades are bent or
dented there is a much higher chance that some other type if damage will also
occur. As with the trends identified in the top portion of table 6.2, there is
insufficient evidence to strongly substantiate these trends.

There were four types of crew action identified in connection with the aircraft
ingestion events in the data base. An air turnback was performed in 36 of the
events, the takeoff was aborted 19 times, a diversionary maneuver was performed
four times and in one event the crew action was listed as other without
specifying the type of action taken. There was no unusual crew action taken in
57 of the aircraft ingestion events for which a crew action entry was recorded,
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TABLE 6.1 DEFINITION OF ENGINE DAMAGE CATEGORIES

DAMAGE SEVERITY
CATEGORY LEVEL DAMAGE DEFINITION

TRVSFRAC Severe Transverse fracture - a fan blade broken
or torn and/or a piece missing (includes
secondary hard object damage).

CORE Severe Bent/broken compressor blades/vanes,
blade/vane clash, blocked/disrupted
airflow in low, intermediate, and high
pressure compressors.

FLANGE Severe Flange separations.

TURBINE Severe Turbine damage.

BE/DE>3 Moderate More than three fan blades bent or
dented.

TORN>3 Moderate More than three torn fan blades.

BROKEN Moderate Broken fan blades, leading edge and/or
tip pieces missing, other blades also
dented.

SPINNER Moderate- Dented, broken, or cracked spinner
(includes spinner cap).

RELEASED Moderate Released (walked) fan blades.

TORN<3 Mild Three or fewer torn fan blades.

SHINGLED Mild Shingled (twisted) fan blades.

NACELLE Mild Dents and/or punctures to the engine
enclosure (includes cowl).

LEADEDG Mild Leading edge distortion/curl.

BEN/DEN Mild One to three fan blades bent or dented.
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TABLE 6.2 TYPES OF DAMAGE CAUSED BY BIRD INGESTIONS

I LEAD_eDG

BEN/OEM

TO1)N3 0 0 1

TOTRRN3 I

BON 33 1
TORN>

USINGLED 6 6 5 0 a 2

TRVSFRAC 0 2 1 0 1 2 0
) TRVSFRAC

CORE 0 1 0 0 0 1 00
CORE

RELEASED 0 2 1 0 1 1 1 10
RELEASED

TURBINE 0 0 0 0 0 0 0 a 0 0

................................................................................ ......... ... °...° .............

LEAD .DG WN/DEN E/0133 TORN43 TORN03 BROKEN SHINGLED TRVSFRAC CORE RELEASED TURB I HE
..... °.. ....... ....... ....... ....... -... - ..o...-.. .... .... .o... ........ .......

ONLY DAMAQE 5 35 4 0 0 13 26 1 3 0 I

TOTAL 14 49 13 3 1 22 43 4 4 3 1
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which is about half the time. The crew action should correspond to the phase of
flight in which the event occurred. No change in the flight is usually required
when an ingestion occurs during a landing maneuver. The air turnbacks and
aborted takeoffs would most likely occur during takeoff and climb phases since
there were practically no ingestions during the cruise phase.

6.2 PROBABILITY OF DAMAGE.

One of the key questions that inspired the bird ingestion survey is the issue of
what size bird should be simulated in certification testing. Two of the main
issues in deciding what the certification bird size should be are (1) the
likelihood of ingesting a bird of the certification size or larger and (2) the
likelihood that damage will result 'from ingesting a bird of the certification
size. The issue of bird sizes is discussed in Sections 3 and 7 while the
probability of damage is the topic of this section.

The problem of relating bird weight to the probability of damage (POD) is
similar to bio-assay experiments which try to predict the probability of a
response as a function of dose size. The key elements of similarity are that
the probability of success for a dichotomous (pass/fail) trial is related to a
continuous stimulus variable. In bird ingestions the dichotomous trial is
whether or not damage occurs and the stimulus variable is the weight of the
ingested bird.

Linear logistic analysis is the most commonly used method of analyzing the
dosage-response type of data and has been used successfully in relating the
probability of transparencies breaking as a function of projectile size in
dealing with the problem of propwash blown gravel breaking helicopter
windshields (5). The logistic distribution function is assumed to describe the
relationship between the probability of damage and the bird weight in a linear
logistic analysis. The logistic distribution function is given by:

POD(w) - 1/ 1+exp [-(7r/Jio(w-#)/a] 6.1

where w is the bird weight, u is the weight with a 50 percent chance of causing
damage and a is a parameter that is related to the steepness of the POD function.

The estimation of the function given in equation 6.1 has been extensively
studied and the methods have been described in the literature (6,7). The method
of maximum likelihood provides the best estimates for the type of data in the
bird ingestion study since there are only a few ingestions at each weight. The
software for estimating the parameters of equation 6.1 has been developed and
extensively tested at the UDRI (8) and verified by researchers at other
institutions.

The types of damage were categorized as mild, moderate or severe by the FAA.
Table 6.3 itemizes the types of damage that were included in each of the
severity categories. Three distinct analyses were conducted based on the
severity ratings. The three analyses estimated the probability of any damage,
the probability of at least moderate damage, and the probability of severe damage
as a function of bias weight. Figures 6.1, 6.2, 6.3 show the estimated POD
functions along with confidence bounds on the POD functions for the three
analyses.
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TABLE 6.3 DAMAGE SEVERITY DEFINITIONS

SEVERITY
_ DAMAGE DEFINITION

SEVERE Damage classified as most severe. Achieved when
DAMAGE reported damage category is TRVSFRAC, CORE, FLANGE,or TURBINE.

MODERATE Damage classified as moderately severe. Achieved
DAMAGE when reported damage category is BE/DE>3, TORN>3,

BROKEN, SPINNER, or RELEASED and no SEVERE damage has
been reported..

MILD Damage classified as mildly severe. Achieved when
DAMAGE reported damage categor is LEAD EDG, BEN/DEN,

TORN<3, SHINGLED, or NACELLE and-no SEVERE nor
MODERATE damage has been reported.

t
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Figure 6.1 shows the probability of any damage occurring and includes all three
severity levels as positive responses. The probability of any damage occurring
rises very steeply, reaching 50 percent at about 5 ounces and the curve levels
off at the 95 percent level at about 30 ounces. The relationship betveen bird
weight and the probability of any damage is very strong and results in the
confidence bound being close to the mean trend curve.

The probability of moderate damage does not rise quite so steeply and a
definitive weight cutoff between birds that cause damage and those that do not
cause damage cannot be identified. The probability of moderate damage reaches 50
percent at 15 ounces and 90 percent at 92 ounces. The confidence bound shown in
figure 6.2 is further from the mean trend than the confidence bound in figure 6.1
because the trend in the probability of moderate damage as a function of bird
weight is not as strong as the trend in the probability of any damage.

The analysis of the severe damage data did not show a significant trend in the
probability of damage as a function oi bird weight. The estimated curve, shown
in figure 6.3, shown a slight rise which means that more data might show a
statistically significant trend; however, with the current data there is
insufficient evidence that the probability of severe damage is related to bird
weight.

The probability of damage analysis is also clouded by the poor bird
identification rates. The estimated POD functions are likely to be biased
toward higher POD values since there was a larger proportion of birds identified
when engine damage occurred. The extent of the bias cannot be estimated
accurately.

6.3 CREW ACTION AND ENGINE SHUTDOWN PIBABILITIES.

Two other factors that relate to the severity of engine damage are whether or not
an unusual crew action is required and whether or not an engine was shut down as
a result of the ingestion. Table 6.4 lists the conditional probabilities that an
unusual crew action is required given the severity of damage that the engine
incurs. The probability that an unusual crew action is required increasbs with
the severity of engine damage as expected. The third column of table 6.4
contains the upper 95 percent confidence bound on the conditional probabilities
given in column two.

The formulae for the estimates of the conditional probability of an unusual crew
action given the engine damage severity are:

A C
P- No (6.2)

A 5A
PCB P + 1.645 P (_P) (6.3)

NoI AIn equations (6.2) and (6.3), P is the estimated conditional probability of a

crew action, C is the number of aircraft ingestion events in which a crew action
was taken and an engine sustained the given severity level, Ns is the number of
aircraft ingestion events in which an engine sutained the given severity level
and PCB is the upper confidence bound on the conditional probability. The
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constant 1.645 is derived from the cumulative normal distribution function to
give a 95 percent level of confidence.

An in-flight engine shutdown occurred in eight of the 302 aircraft ingestion
events; which corresponds to an estimated probability of an in-flight engine
shutdown given that an ingestion has occurred of 0.027 with a 95 percent
confidence bound of 0.042. The reason for the shutdown was not known in three of
the events. An involuntary shutdown occurred twice, excessive vibration
precipitated the shutdown twice and the engine was shut down because of the
incorrect engine pressure ratio once. Inferences about the causes of in-flight
shutdowns cannot be drawn because of the large proportion of shutdowns in which
the cause was not identified.

TABLE 6.4 CONDITIONAL PROBABILITY OF UNUSUAL CREW ACTION (P(CA))
GIVEN THE ENGINE DAMAGE SEVERITY

Confidence
Enaine Damaae Severity P(CA) Bound

No Dazaqe 0.13 0.17

Danmage 0.29 0.36

At Least Moderate Damaqe 0.41 0.54

Severe Damage 0.67 0.92
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SECTION 7

PROBABILITY ESTIMATES

This section provides a summary of the probabilities of various bird ingestion
events. The probability of an event is a measure of the likelihood that the
event vill occur. The probabilities in this section are calculated on a per
operation basis and present similar information to the Ingestion rates. The
ingestion rates that were presented in Section 4 were calculated on the basis of
10,000 aircraft operations; however, it was shown in Section 4.2 that the per
operation ingestion rate is equal to the probability of ingestion for a single
operation. This section provides more details on the probabilities of various
categories of bird ingestion events.

Table 7.1 provides the estimated probabilities and 95 percent confidence bounds
for the whole B737 fleet for various aircraft ingestion events. The overall
likelihood of an aircraft ingestion event in a single operation is about 1 in
10,000; and although the odds of having a bird ingestion on any one operation are
very small, there are millions of B737 operations each year so that hundreds of
ingestions are expected each year. Most ingestions occur during the takeoff and
landing phases so that the probabilities for takeoff and climb and the approach
and landing phases are relatively large. Dual engine and multiple bird
ingestions are relatively rare which is reflected in the smaller probabilities
for these events.

The inlet area effect on the probabilities is shown in table 7.2 which separates
the probabilities by location and engine. The probabilities for the CFMI CFM56
are always larger than the corresponding probabilities for the Pratt and Whitney
JT8D. The larger probabilities for the CFM56 are expected since the inlet area
of the CFM56 is nearly twice the inlet area of the JT8D.

The effect of bird weight on the probabilities is estimated in tables 7.3 and
7.4. The entries - "ables 7.3 and 7.4 were calculated by multiplying the
overall probability for each location/engine combination by the relative
frequency of each bird weight range. The relative frequencies for bird weight
ranges were derived from the frequencies in table 3.2. The validity of this
calculation is dependent on the randomness of bird identifications, as discussed
in Section 3. Table 7.3 provides a breakdown of probability of ingestion by
location and engine while table 7.4 combines the two engine types.
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TABLE 7.1 INGESTION PROBABILITIES

INGESTION PROBABILITY CONFIDENCE
CODTQ EYST OF INGESTION BOUND

All Flights 302 11.00 12.06

Takeoff & Climb 133 4.84 5.56

Approach & Landing 71 2.59 3.15

Dual Engine / 9 0.33 0.57

Single Bird Per Engine

Dual Engine / 0.11 0.28

Multiple Birds

Multiple Birds / 17 0.62 0.93

Single Engine

Moderate/Severe 39 1.42 1.86

Damage

* Scaled by 105
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TABLE 7.4 PROBABILITIES OF INGESTION* AS A FUNCTION OF BIRD WEIGHT
BY LOCATION

BOEING-737 COm(ERCIaL FLEET

UNITED STATES FOREIGN WORLDWIDE

Aircraft Operations: 1,513,747 1,231,839 2,745,586

Bird Weight Range Probability Probability Probability
(Ounces) Of Ingestion Of Ingestion Of Ingestion

( 0 < x < - 4) 1.69 4.49 3.26

( 4 < x < 8) 0.63 2.99 1.48

( 8 < x < - 12) 4.49 0.89

( 12 < x <- 16) 1.48 4.49 2.96

(16 < x <- 20) 0.21 - 0.30

(36 < x <- 40) 0.63 1.50 1.19

(52 < x <- 56) 0.42 - 0.59

(124 < • <- 128) 0.21 - 0.30

5Ingestion probabilities scaled by 105
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SECTION 8

CONCLUSIONS

The main goal of this bird ingestion investigation is to provide data to better
define the nature and extent of the bird ingestion threat. The job of
collecting Information on bird ingestions is extremely difficult because of the
large number of organizations that must cooperate to collect complete and
accurate bird ingestion data. The sparsity of information that was collected
makes it very difficult to draw strong inferences about the nature of the bird
ingestion threat. This section summarizes conclusions from the first year's data
for the B737 aircraft.

Bird Descriptions

Gulls, doves, and lapwings are most often ingested.

There is a better identification rate when the engine is damaged.

Ingestions are seasonal and less likely at night.

Ingestion Rates

Ingestion events can be modeled as a Poisson process.

It appears that ingestion rates are proportional to either the inlet area or
diameter of the engine (i.e. there is no statistically significant difference
between the ingestion rates of the JT8D and the CIM56 after adjusting for inlet
area or diameter.)

Airport Experiences

More bird ingestions were reported at foreign airports than at United States
airports and the ingestion rates for foreign operations were higher than for
United States operations.

The 19 airports that reported three or more ingestions represented 14 percent of
the airports that experienced ingestions and accounted for 25 percent of all
ingestion events.

Engine Damage

Some types of engine damage are correlated with other types of damage.

There is some evidence that the probability of any damage increases with the
weight of the bird that is ingested; however, there is insufficient data to
establish a weight relationship to severe damage.

Unusual crew actions are more likely when more severe damage is inflicted on an
engine.
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Required in-flight engine shutdowns occur in less than five percent of all

ingestion events.

Probabilities of Ingestion

Bird ingestions are more likely during the take-off and landing phases of an
aircraft operation.

6
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SECTION 10

GLOSSARY

Term Definition of Term

Engine Ingestion Event Process whereby one or more birds pass through

the engine inlet during engine operation.

Ingested Bird A bird having experienced the process of engine
ingestion event.

Aircraft Ingestion Event Simultaneous ingestion of one or more birds

into one or more engines of an aircraft.

Airport Operation Takeoff (departure) from an airport or a landing

(arrival) at an airport.

Aircraft Operation A nonstop aircraft flight from one airport to
another. (Includes time from taxi-out from
departure airport through taxi-in at arrival
airport.)

Engine Operation The participation of each engine of an aircraft
in an aircraft operation (e.g., a twin engine
aircraft would, ideally, experience two
engine operations for each aircraft operation).

Ingestion Rate The number of aircraft or engine ingestion events
per flight event. Flight event refers to aircraft,
engine or airport operation. The components of
ingestion rate are specified when used in the report.
The influence of engine inlet area is not considered.

Normalized Ingestion Ingestion rate adjusted to a given nominal
Rate area. Allows statistical comparison of ingestion

rates of engines with different inlet areas.
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APPENDIX A

AIRPORTS WITH SCHEDULED BOEING-737 FLIGHTS
AND/OR REPORTED BIRD INGESTION EVENTS

AIRPORT APTOEF HEMISPHR CONUS A8OR STGFY87

AE ANNABA. ALGERIA N NO -4- 2393
MAY AL WAYDAN. YEDEN N NO -4- 210
AB ALLD4TOWN. PA, USA N YES PA 370
ABJ ABI AN. COTE D'IVORE (IVORY COAST) N NO -- 1626
ADO ALBUQUERQUE. N. USA N YES Ntd 41942
ASS ABU SIMBEL. ARAB REP OF EGYPT N NO -4- 338
AST AL BNA. SAUDI ARABIA N NO 4- 1148
ABV A8UJA. NIGERIA N NO 4- 1248
ASZ ABERDEEd, SCOTLAND N NO -4- 1519
ACA ACAPULCO. MEXICO N NO 6- 126
AC ACCRA. GA N NO -4- 486
ACE LANZAROTE. CANARY ISLANDS N NO 4- 76
ACV EUREKA ARCATA, CA. USA N YES CA 2616
ADO AOIS ABABA. ETHIOPIA N NO 4- 148
AOl AOI. YED N NO 4- 1346
AOL AOELAIDE SA AUSTRALIA S NO -4- 4738
ADO KOOIAK. AS, US N NO AS 2296
ADZ SAN ANDRES ISLAND. COLOMBIA N NO -4- 526
AEP 3110406 AIRES - NEWBERY. ARGENTINA S NO -6- 23291
AES AALES o. NORWAY N NO -9- 698
AGA AGOOR. MOROCCO N NO -6- 68
AGP MALAGA. SPAIN N NO 4- 2434
AGR AGRA. INDIA N NO -4- 1966
AGS AUGUSTA. GA. USA N YES GA 1579
A1B ASMA. SAUDI ARABIA N NO -4- 2626
A4U AL HOCEIMA, MOROCCO N NO -4- 292
AJA AJACCIO. CORSICA. FRANCE N NO -6- 59
AJF JOUF. SAUDI ARABIA N NO -6- 1128
AJU ARACAJU. BRAZIL S NO -6- 1466
AKL. AUCKLAND. NW ZEALAND S NO -6- 16986
A04 KING SALMON. AS. US N NO AS 1444
.KR AKI.E. NIGERIA N NO -4- 238
A.B ALBANY, NY. USA N YES NY 4461
ALC ALICANTE. SPAIN N NO -6- 148
ALG ALGIERS. ALGERIA N NO -6- 14258
ALY ALEXANDRIA. ARA REP OF EGYPT N NO -6- 2164
AMA AMARILLO. TX. USA N YES TX 12811
AMD AHMEDABD. INDIA N NO -4- 5932
AMM AMAN. JORDAN N NO -6- 2131
AMS AMSTERDAM, NETHERLANDS N NO -6- 19047
ANC ANCHORAGE. AS. US N NO AS 18977
ANF ANTOfAGASTA. CHILE S NO -6- 1434
ANI ANIAK. AS. US N NO AS 46
ANR ANTW.RP. BELGIUM N NO -6- 540
ANU ANTIGUA. WEST INIES N NO -6- 18
AOR ALOR SITAR. MALAYSIA N NO -4- 1886
APL NAMULA. MOZAIQUE S NO -6- 1144
APW APIA. WESTERN SAMOA S NO -6- 858
A01 QAISUMAH. SAUDI ARABIA N NO - 494
ARI ARICA, CHILE S NO -6- 976
ARM STOCKHO M ARLANDA. SWEDEI N NO -6- 7556
ASP ALICE SPRINGS, N.T., AUSTRALIA S NO -4- 1816
ASU ASUNCION. PARAGUAY S NO -6- 498
ASP ASM. ARAM REP OF EGYPT N NO -4- 4968
ATH ATHEIS. GREECE N NO -4- 24758
ATL ATLANTA. GA, USA N YES GA 42143
ATM ALTAMIRA, URAZIL S NO - 416
AT0 AMRITSAR, INDIA N NO -6- 1846
AUA ARUM. ARUMA N NO -.- 50
AU ABIU 0 I. U. A. DIRATES N NO -4- 4423
AUS AUSTIN. TX. USA N YES TX 33326
AUX ARMGUANA. BRAZIL S NO -.4- 244
AVL ASHEVILLE. NC. USA N YES NC 1298
AVP WILKES-ARRE/SCRANTON. PA. USA N YES PA 114
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AIRPORT APTDEF HEMISPHR CONUS AMBR STGFY187

MID ALECANDROUPOLIS. GREECE N NO -4- 908
AXT AKITA, JAPAN N NO -4- 591
AYT ANTALYA. TURKEY N NO -4- 52

S KALAMZOO, MI. USA N YES MI 28e
AZR ADRAR. ALGERIA N NO -4- 816
SN4 BAHRAIN, BAHRAIN N NO -4-- 11933
&A BARRIAQILLA. COLOMIA N NO -4- 105
wl B4USANEUR. INDIA N NO -4- 208
aN BARCELONA, SPAIN N NO -0- 4166
80H .ANDAR ENGI4. IRAN N NO -4- 1460
BOL HARTFORD. CH. USA N YES Cm 15"1
3o VADODRA. INDIA N NO -41- 1925
SOT LA4b LITE. ZAIRE N NO -4- 269
BIG BELGRADE. YUGOSLAVIA N NO -0- 10759
BEL BELi.E, BRAZIL S NO -4- 5505
SET BETHEL. AS. US N NO AS 3190
@IW BEIRA. MOZAMBIQUE S NO -4- 1304
BFL BAKESFIELD. CA. USA N YES CA 2742
3FN BLOEMFONTEIN. SOUTH AFRICA S NO -4- 3954
BS BELFAST. N. IRELAND N NO -0 - 1576
OGF BANGUI. CE*E. AFRICAN REPUBLIC N NO -0 272
901 BARBADOS. BARBADOS N NO -4- 52
660 611M4. NORWAY N NO -4- 12638
am4 BISHA. SNJDI ARABIA N NO -4- 1740
DI BAHIA BLANCA. ARGENTINA S NO -- 2162
N14J 3HUJ. INDIA N NO 4- 730

OHM BIRMINGHAM. AL. USA N YES AL 6048
a0 SHOPAL. INDIA N NO -4- 1828

HU SHAVNAGAR. INDIA N NO -4- 730
sm BIRMINGHAM. E GLAND (UK) N NO -4- 2387
SIA BASTIA. CORSICA. FRANCE N NO -4- 234
BIL BILLINGS. MT. USA N YES MT 7285

10 BILBAO, SPAIN N NO -4- 622
BIQ BIARRITZ. FRANCE N NO -4- 52
91S BISMARCK. ND. USA N YES NO 3396
BJL BANJUL. GANMIA N NO -4- 472

im BUULURA. 8URNoDI s NO -4- 245
OKI KOTA KINABALU. SABAN. MALAYSIA N NO -4- 8699

KK BANGKOK. THAILAND N NO -4- 7329
Ko BAAKO. MALI N NO -4- 50

SKY BUKAVU, ZAIRE S NO - 164
BLL *ILLUND. DENMARK N NO -4- 2177
BLO BOLOGNA. ITALY N NO -4- 310
sUR BANGALORE. INDIA N NO .-- 5886
DNA NASHVILLE. TN. USA N YES TN 17926
aN BANDAR AIIM. IRAN N NO -4- 140
ONE IRISMNE. QLD. AUSTRALIA S NO -4- 12839
BNI BENIN CITY, NIGEIA N NO -4- 2127
eO BORDEAX, FRANCE N NO -- 688
101 BOISE. I. USA N YES 10 5392
IOm BOMAY, INDIA N NO -4- 16848
Bow 6000. NORMAY N NO -4- 288
ON BOSTON. MA. USA N YES Mo 30620
oRC SAN CARLOS Di BARILOCHI4, ARGENTINA S NO -41- 1663
IRE IUDN, FE REP OF GERMANY N NO -4- 4526

n BRISTOL. ENGLAND (UK) N NO -0- 2
M BUSSELS, BELOIUM N NO -0- 31942
on BAOW. AS. US N NO AS 1897
m IWASILIA. BRAZIL S NO -0- 22788
ISL BASL/MNLHOUSE. SWITZERLAND N NO -3- 554
Bu BUtT. MT. USA N YES MT 14"
SR NATION ROE. LA. USA N YES LA 2944
n BURLINGTON, VT. USA N YES VT 2544

BUD BUDPEST. HUNGARY N NO -0- 16"
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AIRPORT APTDEF HEMISPHR COW.JS A8UR STGFY87

8UF BUFFALO. NY. USA N YES NY 17704
Um BULAWAYO. ZIMNlAWE S NO -4- 1834

SU IURBAMK. CA. USA N YES CA 11187
UX UNA. ZAIRE N NO -4- 210

3on SUlsUft. IRAN N NO -4- a
SYS 50A VISTA. RAZIL N NO -#- 1314
Ul BALTIMORE. M). USA N YES MD 54435
am SASERI EGSAWAN. BRUNEI DARUSSALAM N NO -4- 2951
o BISSAU. GUINEA BISSAU N NO -4- 20

SZE BELIZE CITY. @ELIZE N NO -- 3647
322 *OZD4, MT. USA N YES MT 5206
BZV RAZZAVILE. PEOP REP OF CONGO S NO -- 1444
CAN CABINOA. ANGOLA S NO -4- 1042
CAE COLUMBIA. SC. USA N YES SC 8213
CAI CAIRO. ARA@ REP OF EGYPT N NO -S- 8057
CoA AKAlltANTCN. CH. USA N YES OH 2241
CAN OUANOZHOU. P. R. CHINA N NO -4- 13955
CAS CASAILANCA. MOROCCO N NO 4

CAY CAYENNE. FRICH GUIANA N NO -4- 206
CO CAR NICOBAR. INDIA N NO -0- 40
CH SEWCHA. ALGERIA N NO -4- 1455
Coo CALABA. NIGERIA N NO -- 1935
cR CANERRA, A.C.T. AUTSTRALIA S NO -S- 5606
CC, CONCEPCION. CHILE S NO --- 1184
CCU CALCUTTA. INDIA N NO -0- 19798
COG PARIS DE GAULLE, FRANCE N NO -4- 25514
COV CORDOVA. AS, US N NO AS 1514
CEO WACO (1140. ANGOLA S NO -4- 16
CF3 COMRU, GREECE N NO -4- 746
On CUIA1A MATO GROSSO. BRAZIL S NO - 3164
CON SAO PAULO,-C NAS. IRAZIL S NO -4- 102
CGK JNCMRTA-SOUCAWO. INDONESIA S NO -4- 626
CON COLOGNE 3ONN. FRO N NO -4- 18161
coO ZH440HOU. P. R. CHINA N NO .4- 26
coo CHANQCHUN. P. R. CHINA N NO -4- 62
COR CAMO GRANDE. 8RAZIL S NO -4- 6776
CHA CHATTANOOGA. TN. USA N YES TN 1618
CHC CHRISTCHURCH. NEW ZEALAND S NO -4- 176095
CHO CHARLOTTESVILLE. VA. USA N YES VA 1814
CHO CHANIA. CRETE. GREECE N NO -4- 856
CHm CHARLETON. SC. USA N YES SC 7219
CID CEDAR RAPIDS/IONA CITY. 10, USA N YES 10 3806
CIX CHICLAYO. PERU S NO -4- 286
CJi COIMSATORE. INDIA N NO -4- 1528
CJC CALAMA. CHILE S NO -4- 626
CK CHONGOIN, P. R. CHINA N NO -4- 714
CKS CARAJAS. BRAZIL S NO -0- 417
C2Y CONKRY, GUINEA N NO 50
CLE CLEVELAND. OH. USA N YES ON 24028
CLT CHARLOTTE. NC. USA N YES NC 95251
CM0 COLOMO, SRI LANKA N NO - 3021
02a9 CORUmA. MATO GROSSO. BRAZIL S NO -4- 1460
021 COUASIU, ON, USA N YES O4 84
CMI CHAMAIGN. IL. USA N YES IL 2186
CM MOH CASABLANCA. MOROCCO N NO 4 4767

"CNF ELO HORIZONTE-CONFINS. BRAZIL S NO -0- 19663
0O CORRIENTES. ARODIA S NO -4- 1106
CmS CAIN. OLD. USTRALIA S NO -- 45

CCN CHIANG MAJ. THAILAND N NO 4- 728
0CK COCHIN. INDIA N NO -4- 457
COo COITONOU, udix N NO -4- 1120
COR COROBA. ARODITINA S NO - 6772
Cos COLORADO SPRINGS. CO. USA N YES CO 38w4
CPN C0Poo4AD. OWAMRK N NO -0- 11419
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CPQ CNOINAS. BIRAZIL S NO -+- 1056
CPR CASPER. WY. USA N YES WY 4230
CPT CAPE TOM. SOUTH AFRICA S NO -4- 8545
CPV CAMPINA GRANDE. ERAZIL S NO -4- 626
CR0 COMODORO RIVADAVIA. ARGENTINA S NO - 2553
CRP CORPUS CHRISTI. TX, USA N YES TX 5584
Caw CHARLESTON. WV. USA N YES WV 4478
CTA CATANIA, ITALY N NO 4- 252
CTC CATAMARCA. ARGENTINA S NO -4- 776
CTO CARTAGEA. COLOIIA N NO 4- 165
CTS SAPPORD-CHITOSI. JAPAN N NO -4- 1396
Cru CHEIGOU. P.R. CHINA N NO -4- 2138
CUM CANCUM, MEXICO N NO -- 634
CUR CURACAO. NETH ANTILLES N NO -4- 20
cyc CINCINNATI. OH. USA N YES OH 14496
coo CURITIBA. PARANA. BRAZIL S NO 4- 6532
CXI CHRISTMAS ISLAND. REP OF KIRIBATI N NO -4- 106
CYI CHIAYI. TAIWAN N NO -4- 730
CZL CONSTANTINE. ALGERIA N NO -0- 3352
CZS CRUZEIRO 00 SUL, ACRE. BRAZIL S NO -4- 344
CzX CHANQZHOU, P. R. CHINA N NO -4-- 268
Olm DAYTONA BEACH. FL. USA N YES FL 3532
DAC DHAKA. BANGLADESH N NO -4- 934
DAL LOVE DALLS/FT. WORTH. TX. USA N YES TX 75124
DAM DAMASCUS. SYRIA N NO -4- 523
OAR OAR ES SALAAM. TANZANIA S NO -0- 3407
DAY DAYTON. ON. USA N YES OH 37652
Ov OUBROVNIK. YUGOSLAVIA N NO -0- 1666
OCA NATIONAL. WASHINGTON. C. USA N YES DC 2216
DEC DECATUR. IL. USA N YES IL 0
DEL DELHI. INOIA N NO -4- 15967
ODE STAPLETON INTL. DENVER. CO. USA N YES CO 112673
oFW DALLAS/FT WORTH. TX. USA N YES TX 51136
DHA DHAHRAN. SAUDI ARAIIA N NO -0- 7662
Die OIBRUGAN. INDIA N NO -0- 616
DIE ANTSIRANANA. MDAGASCAR S NO -0- 616
DIR DIRE DANA. ETHIOPIA N NO 4- 38
DJE DJElaA. TUNISIA N NO -- 47
OJO DJNCT , ALGRIA N NO -0- 46
aR DAKA. SENEGAL N NO --o- 467
OLA - DOUALA. REP OF CAMEROON N NO -4- 5262
OLO DILLINCH4M. AS.US N NO AS 1444
000 DO0MA. TANZANIA S NO -0- 16
DON 0OHA. QATAR N NO -0- 6859
OPI DNPASAR, IN0eNOISIA S NO -0- 104
ONO OURANGO, CO. USA N YES CO 2233
ORE DARWIN. N.T.. AUSTRALIA S NO -06- 1107
0St 0 MOINES. 10. USA N YES 10 7746
01W WAYNE CO. DETROIT. MI. USA N YES MI 16765
Oue UILSN. REPUBLIC Of IRELAND N NO -4- 1936
OUD DUNEIN, MON ZEALAND S NO --- 4145
OUR OUAIIN. SOUTH AFRICA S NO -0- 6925
DUS DUESSELDORF. FRG N NO -- 36119
OUT DUTCH IARNOR, AS. US N NO AS 828
X DUBAI. U. A. EMIRATES N NO -0- 3134

cM NEJRAN. SAUDI ARABIA N NO -0- 2392
m fTE1E KAMALA. UGANDA N NO -0- 39
ND EL O lo. SUAN N NO -- 632
m E UvJEP. DENK N NO -4- 462
DI EGtWGN@ . SCOTLAND N NO -0- 1040

I[L KIFALONIA. OREM N NO - 76
E.H , WMJ. SAUI ARABIA N NO -0- 784
ELO ILGOLEA. ALGERIA N NO -4- 416

,p CL PASO. TX. USA N YES TX 38902
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rZO GASSIM. SAUDI ARAIIA N NO -- 4452
1LS EAST LONDON. SOUTH AFRICA S NO -4- 9967
ELU EL GUM. ALGERIA N NO -0- 288
aAST 0MIDLAN . INLAND N NO -- 291
ow OI=U, NIGERIA N NO -4- 3136
an UESMA. *ANTINA s NO -0- 1116
oDI ERIE. PA. USA N YES PA 1772

3 EL SALVAOR. CHILE S NO -0 -e
ETH ELAT. ISRAEL N NO -4- 4
Em EWM. OR. USA N YES OR 3493
EUM LAAYOUNE, MOROCCO N NO -0- 244
EVE EVEMES. NOWAY N NO -4- 1520
EVV EVANSVILLE. IN. USA N YES IN 244"
am NEWARK. N YOM, NY. USA N YES NY 78323
EZE BUENOS AIRES-EZEIZA ARPT. ARGENTINA S NO -4- 424
PAl FAROE ISLANDS. DENARK N NO -a- 756
rAI FAIRBANKS. AS. US N NO AS 3674
FAD FARO. PORTUGAL N NO -4- 1069
FAR FARGO. ND. USA N YES ND 1561
FAT FRESNO. CA. USA N YES CA 9993
FAY FAYETTEVILLE. NC. USA N YES NC 326
F9M LABMWSAI. ZAIRE S NO -4- 262
F.U POMEU, OSLO. NORWAY N NO -4- 11420
FCA KALISPELL GLACIER NAT'L OK. MT. USA N YES MT 144
rCO OA VINCI. ROME. ITALY N NO -- 4538
FEZ FEZ. MOROCCO N NO -0- 144
FIN KINSHASA. ZAIRE S NO -0- 2324
FKI KISANGANI. ZAIRE N NO -0- 1170
FLL FT LAUDERDALE. FL. USA N YES FL 12566
FLN FLORIANOPOLIS. BRAZIL S NO -1-- 4166
FMA Fl:fOSA, ARGENTINA S NO -0-- 682
FMI KAL IE. ZAIRE S NO -0- 524
FNA FREITOWN SIERRA LEONE N NO -0- 112
FNC FUNCHAL - MADEIRA. PORTUGAL N NO - 3737
FNT FLINT. Mi. USA N YES Mi 2186
FCC FUZHOU, P. R. CHINA N NO -4- 534
FOE FORBES. TOPEKA, KA. USA N YES KA 1407
FOR FORTALEZA. CEARA. URAZIL S NO -0- 4796
PpO r ,REECRI BAHAMAS N NO - 2666
FRA FRANURT. FRO N NO -5- 52274
FP0 SIOUX FALLS. SD. USA N YES SO 6410
FTU PT DAUPHIN. MADAGASCAR S NO -4- 332
FUK FUKUOKA. JAPAN N NO -0- 739
FPM FT WAYNE. IN. USA N YES IN 2580
GAJ vAMGATA. HONSHU. JAPAN N NO -0- 1154
GAU GAUHATI , INDIA N NO -4- 3934
CBE GABORONE. BOTSWANA S NO -0- 527
n SPOJKANE, WA. USA N YES WA 6549

GHA A IA. ALGERIA N NO -0- 1614
COVERNORS IMMOWU. BAHAMAS N NO -0- 36

ow GUALUUAYCHU. ARGENTINA S NO -4- -0-
Gil GIBRALTAR. GIBRALTAR N NO -0- 1768
GIG RIO 0K JANEIRO INT'L. BRAZIL S NO -0- 27048
GIZ GIZAN. SAUDI ARABIA N NO -0- 5761
GJT GRAND JUNCTION, CO. USA N YES CO 2416
GLA GLASCLOW. SCOTLAND N NO -@- 687
am GEMENA. ZAIRE N NO -4- 312
GOA GIA. ITALY N NO -0- 292
o OGA. INDIA N NO - 1798
Gam GON, ZAIRE S NO -4- 164
am G0RMOUIAM. INDIA N NO -0- 486
OUT GOToOJiM. SWIM N NO -,- 3844
aOU GAMMA. RE Of CAEROON N NO -- 1954
Gov GOVE. N.T.. AUSTRALIA S NO . 314

A-5



AIRORT APTOEP NEMISPR CONIUS AME STGFY87

an GREEN SAY. WI, USA N YES WI 605
GRJi NEOW. SOUTH AFRICA S NO 4-2176

am GRAD RAPIDS. Mt. USA N YES mi 4831
amU SAO PAULO-GUANULMOS. BAZIL S NO -4-- 41001
032 GRAL AUSTRIA N No -4- 019
030 GRtE1DISmONOA9T/*IN--SALDO. NC. USA N YES NC 1658
owp GRIE9VI LLE/SPARTANUG. SC.* USA N YES SC 1505
OTT GREAT FALLS. MT. USA NYES MT 4350
aIm GUATELMAALA CITY. GUATEMALA N No -0- 1807
Gam GUAM. GUAM N NO 4-280
OVA GENEVA. SWITZERLAND N No 4 10504

OW WLIOR. INDIZ N NO 4-140
GT GALWAY. IRELAND N No -0- 130

OX, SEIYUN. YEMEN N NO -4$- 20
anO NOMAE. ANGOLA S No -4- 382
OYE GUAYAOIL. ECUADOR S No 4 1609
0Th GOIANIA. BRAZIL S No -41-- 7891
MAC lUCHIJO. JIMA ISLAND. JAPAN N No -0 634
MAN M0110N--HAHAYA. COMOROS S NO --&- 2"0
HAJ HANOVR. FED REP OF GERANY N No -4- so"4
NAJC HAIKOU. P. R. CHINA N No 4 770
HAM HMBRG. FRO N NO 4-25=3
MAN HANOI. SOC REP OF VIETNAM N NO -4e- 152
HAS HAIL, SAUDI ARADIA N NO .-.. 3642
HUA HOBART. TASMANIA, AUSTRALIA S No -4&- 3785
HBT HAFN ALDAPIN. SAUDI ARABIA N NO -$- 140
HSY NAT YAI, THAILAND N No -0- 3094
HEL HELSINKI. FINLAND N No 4 2797
NMR HEAKLION, GREEC N No -0 1760
HON IWOGUIOU. P. R. CHINA N No -- 1300
HIR HONIARA. GUADALCANAL. SOLOMON IS. S No 4 430
HJR HIROSHIMA. JAPAN N No -0- 1406
HKD HNCODATE. JAPAN N NO -0&- 1low
HIcO HoNG KONG. HoNG goNGo No -0 2792
lICT PHIICET, THAILAND N NO -.- 1932
HLN HELENA, MT. USA N YES MT 2846
MZ HMI LTON, NON ZEALAND S No -0o- 627
HME HASSI MESSAGUO. ALGERIA N No -a- 256
HD T000l-HANEDA JAPAN NNO -0- 14308
HNL MONOLULU, OAHUJ. HA. USA N No HA 51139
HOD MOOEIDAH. YWO N NO -- 80
HOF MOPI . SAUDI ARABIA N NO "0 92
NOR MORTA FAIAL ISLAND. PORTUGAL N No -we- 92
NOV HOUSTON. TX. USA N YES TX 71429
HPN WHITE PLAINS. NY, USA N YES Ny 2159
MRS HARBIN, MANCHUJRIA. P. R. CHINA N No -0- 216

HR HRAE. ZIMBABWE S No -01- 3.314
HM MORGHADA. ARA REP Of EGYPT N No -04- 760

IfiL HARLINGSO. TX. USA N YES TX 7446
NSV HNTSVILLi/DECATUR. AL. USA N YES AL 1617
NT! HAMILTON ISLAND, OLD. AUSTRALIA S NO 0-1351
HIS HUNTINGTON, WV. USA N YES WV 1152
HUM HUALI DO. TAIWAN N NO -0-650

MI HDAAD, INDIA N No -0 2183
IAD DULLES INT'L. WASHINGTON, DC. USA N YES OC 8630
IAN HOUSTON INTOCONT. TX, USA N YES TX 35465
IAM IN AMENAS. ALGERIA N NO -0-- 406
ISA IMADN. NIGERIA N NO -01- 1302
inl IBIZA. SPAIN N No -0 124
ICT WICHITA. KA. USA N YES KA 1800
IDA 101MG' FALLS. ID. USA N YES 10 210
IDE I IODINE. INDIA N No -f- 140
irm ISFAHAN. IRAN N No -0- 2250
IGL I2IR-CIOLI. TUKEY N No -4 26
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Itn IOUAZU. ARGDTINA S NO .- 986
IOU IGWASU FALLS, BRAZIL S NO -- 1776
I1W PHILAELPHIA-WIWLINGTON. PA. USA N YES PA 440
ILW WILMINGTON, NC. USA N YES NC 6254
ILR ILORIN. NIGOIA N NO -4- 1536
IMF IWMHAL. INDIA N NO "4- 1440
IM IWMERATRIZ. BRAZIL S NO 4- 1166
IND INDIANAPOLIS, IN. USA N YES IN 12296
INI HIS, YUGOSLAVIA N NO -4- 57
IW HAUIN. REP OP NAUN S NO m-- 88
I1Z IN SALAH, ALOIA N NO ,4- 5"6
10A IOANNINA. GREECE N NO -4- 1354
I(5 ILNEUS. IRAZIL S NO -4- 2920
100 IQUIUE, CHILE S NO .4" 1460
IQT IQWTFS. PU S NO -6- 210
IRJ LA RIOJA. ARGENTINA S NO "6
IMP ISIO. ZAIRE N NO - 1o4
ISA MOUWNT ISA. OLD. AUSTRALIA S NO 546
IU ISLAMBAD RAWALPINDI. PAKISTAN N NO .4- 3663
ISO ISHIGAKII. JAPAN N NO -4- 6936
ISO KINSTON. NC. USA N YES NC 2624
ISP LONG ISLAND MAARTIHU. NY. USA N YES NY 5816
IST ISTNBUL. TURKEY N NO -4- 2551
I4 ITHICA. NY. USA N YES NY 182
ITO HILO HAWAII. HA, US N NO HA 6568
IUE NIUE ISLAND. NIUE S NO -4- 127
IVC INVVAILL. NOV ZEALAND S NO -6- 2069
IXA AGARTALA, INDIA N NO -41- 1976
I m RAGAOGRA, INDIA N NO -0- 2366
I Cc CHA3 DIGA, INDIA N NO -4- • 1460
I ALLAHABO. INDIA N NO -6- 392
IXE MANGAI.ORE. INDIA N NO - 2376
IXJ JAJ. INDIA N NO -6- 165
IXL LD4. INDIA N NO -0- 574
I IxM MAIMAI. INDIA N NO -- 1266
IR RANCHI. INDIA N NO -6- 1460
IXS SILO"HA. INDIA N NO -6- 1746
IxU AURANMGAAD. INDIA N NO -6- 1820
[XZ PORT BLAIR ANDAMAN ISLAND. INDIA N NO -6- 706
JAC JACKSON. WY. USA N YES Wy 2325
JAI JAIIR, INDIA N NO -6- 4066
JAN JACKSON. MS. USA N YES MS 3392
JiX JACKSONVILLE. FL. USA N YES FL 10211
JOH JODHPU. INDIA N NO -0- 2926
JDO JUZEINO 00 MONTE CEARAH, 8RAZ IL S NO -4- 826
JED JEDOAH, SAUDI ARABIA N NO -6- 19745
Jet JUSEY CHANNEL ISLANDS. UK N NO -6- 1263
JFK KD4WY. NON YORK. MY. USA N YES MY 13217
JIA JA.M1QA, INDIA N NO -- 730
JNs JONOR MNNRU. MALAYSIA N NO -6- 4418
JI9 DJIBOUTI. OJIS0UTI N NO -6- 566
J1H CHIOS, °QRE N NO -6- 1658
Jl JOGIN SaSUa SOUTH AFRICA S NO -4- 13744
JIU JIMA. AS. US N NO AS 2235
JOl JOINVILLE. BRAZIL S NO -- 620
Jos JO. NIGEIA N NO -6- 2596
JPA JOIA PUOA, URAZIL S NO -6- 1406
JN JOa T, INDIA N NO -- 694
JRlO KILIMiJAR . TANZANIA S NO -6- 1667
Jis SKIATNO, ORCE N NO -4- 412
JIR SNITORINI. THIRA ISLAND. GREEE N NO -4- 1126
Jun JUA. SUDAN N NO -6- 38
JUW JUJUY, ANGOETINA S NO -0- O 6
KAO KADUNA. NIOUIA N NO ..- 3096
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KAN KANO. NIGEIA N NO -7- 7
K8L KABUL. AFGHANISTAN N NO "4- 266
KOM KOTA mHARU. MALAYSIA N NO -0- 3024
KCH IUCHING. SARAWAK. MALAYSIA N NO -6- $337
cz KOCHI, JAPAN N NO 4- 1522

KDI SKARU, PAKISTAN N NO -,- 196
KEF REYKJAVIK-KEILAVIK, ICELAND N NO -4- 561
KEU KEFAN. IRAN N NO -6- 532
KGA KANANGA. ZAIRE S NO -4- 426
K C KIGALI, RWAIDA S NO 4- 22
KOS KOS. GREICE N NO -6- 550
0H4 CAONSIUN. TAIWAN N NO -6- 14596
KHI KARACHI. PAKISTAN N NO -6- 7384
KHN NANCHAG KIANGSI, P. R. CHINA N NO - 228
KIJ NIIGATA. JAPAN N NO - 2196
KIM KIMBIELEY. SOUTH AFRICA S NO -6- 3885
KIN KINGSTON. JAMAICA N NO -6- 338

OCc KHON KAIN. THAILAND N NO -6- 2264
KLX KALAMATA, GREECE N NO "6- 782
Km KUNMING, P.R. CHINA N NO -244
MAI MIYAZAKI. JAPAN N NO -6- 4658
lP KEETNSHOOP. NAMISIA S NO -6- 174
ima KCMATSU. JAPAN N NO -4- 730
KND KINOU, ZAIRE S NO -4- 489
KNU KANPJR. INDIA N NO "4- 1372
KOA KONA, HA. US N NO HA 11368
KOJ KAGOSHIMA, JAP/4 N NO -6- 843
KRS KRISTIANSAND. 0ORWAY N NO -6- 7646
ioT KHARTOUM, SUDAN N NO -6- 1921

SA 905W. CAROLINE ISLANDS N NO "4- I s
KSM ST MAY'S, AS. US N NO AS 420
KST KOSTI. SUDAN N NO -4- -4-
KSU KRISTIANSUIQ. NORWAY N NO -4- 2128
KTM KATHIMNDU. NIAL N NO -6- 2244
KTN KITCHIKAN. AS. US N NO AS 1466
KUA KUANTAN. MALAYSIA N NO -0- 426
KUH KUSHIRO. JAPAN N NO -0- 1336
KUL KUALA LU . MALAYSIA N NO -6- 21147
KVA KAVALA. GREECE N NO -6- 1242
KWE GUIYANG. P.'R. CHINA N NO -6- 684
KWI KUWAIT. KUIMAIT N NO -6- 3659
KWL GUILIN, P. R. CHINA N NO -6- 3855
LAD LUDNDA. ANGOLA S NO ,-6- 566
LAN LANSING. MI, USA N YES MI 1126
LAS LAS VMAS. NV. USA N YES NV 62633
LAX LOS ANGELES . CA. USA N YES CA 113329
LOS LJEOCK. TX. USA N YES TX 13666
LoU LABIAN SAIAH. MALAYSIA N NO -6- 2398
LIv LIBREVILLE. OABON N NO -4- 1553
LCA L AA. CYPRUS N NO -6- 1352
LCE LA CEISA, HONDURAS N NO -- 386
LDE LOIE/TAES. FRANCE N NO -4- 8
LDI LINDI. TANZANIA S NO -e- 16
LD LENIGRAD, U.S.S.R. N NO - 198
LII ALNMUIA. PAIN N NO -4- 166
Lei LEIPZIG. On N NO -- 16

LEXINGTON. KY. USA N YES KY 3916
LFw Low. TOo N NO -4- 985
LGA NO YOK LA GUAROIA. NY, USA N YES MY 32668
LUo LON BEACH. CA. USA N YES CA 1299
L LON GAThICK, INGLAND N NO -0- 13117
LJI LAHORE. PAKISTAN N NO -0- 718
H LONDON NEATNWOP. EGLAND. (UK) N NO -0- $9465

LIN LIIIJ. KAUAI, HA, US N NO HA 17365
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LIL LILLE. FRANCE N NO - 214
LIM LIMA. PERU S NO -4- 14N
LIN MIIAN LINATE, ITALY N No 4- 7588
LIS LISUON, PORTUGAL N NO -4- 10558
LIT LITTLE ROCK. AK. USA N YES AK 10791
LJA LOJA. ZAIRE S No -- 10
LJU LJUBLJMIA, YUGOSLAVIA N NO -6- 1741

S L ,CKNO. INDIA N NO 4-4396
LU LI LONGWE, MALAWI S NO -4- 752
LMT KLAMATH FALLS. OR. USA N YES OR 1218
LWJ LINCOLN. W. USA N YES NO 5816
LNZ LONZ. AUSTRIA N No - 76
LOS LAGOS. NIGERIA N NO -4- 16716
LPA GRAN CANARIA. CANARY ISLANDS N No -.- 293
LPS LA PAZ. BOLIVIA S NO -4- 136
LPL LIVERPOOL. DGLAND N NO 4- 30
LST LIAUNCESTON. TASMANIA. AUSTRALIA S NO - 4721
LTN LONDON-LUTON INT'L. ENGLAND N NO -4- 192
LUN LUSAA. ZAMBIA S NO -4- 2342
LUO LUCIA. ANGOLA S NO -6- 434
LUG SAN LUIS, ARGENTINA S NO -4- 196
LiX LUJXEDOURG. LUXEDOURG N No 4- 2615
LXR LUXOR, ARAB REP OF EGYPT N NO - 2161
LXs L .OS. OREE N NO -4I- s64
LYN LYNCHBURG. VA. USA N YES VA 1824
LYP FAISALABAD. PAKISTAN N NO 4- 760
LYR LGYEARSYEN. NORWAY N NO 4- 14
LYS LYON. FRANCE N NO -4- 5223
MAA MADRAS. INDIA N NO -4- 7714
WMA MARAA. BRAZIL S No -6- 470
MAO MADRID. SPAIN N NO -4- 6813
Mw MIDLAND ODESSA. TX. USA N YES TX 16621
MAN MAHON. MEIORCA. SPAIN N No 84
MAJ MAJUN. MARSHALL ISLAND N NO 4- 92
N IMCHESTER .- DGLAND (UK) N NO -5- 870

MAO MANJS. BRAZIL S No -6- 6627
mw MONTEGO BAY. JAMAICA N NO -4- 216
MS SAGINAW. MI. USA N YES MI 794

MARIBOR. YUGOSLAVIA N NO -4- O
MCI KANSIS CITY. MO. USA N YES MO 26453
MOO - ORLANDO-INT'L. FL. USA N YES FL 23551
M P MAPA. AMAPA. BRAZIL N No -0- 1Is"
MCT MUSCAT. OMAN N No -4- 4469
MCY MAROOX3*VR. OLD. AUSTRALIA S No -4- 104
MCZ MACIO. ALAGOAS. BRAZIL S NO -4- 978
MDE MEDELLIN, COLOMIA N NO - 312
hot MAKURDI. NIGERIA N No -4- 730
IOK MiANDAKA, ZAIRE N NO 4- 416

a M D 0EL PLATA. ARGENTINA S NO -4- 2964
MDT 14RNISN-OdSTEAD ST. PA. USA N YES PA 3784
___ CHICAO IDWAY. IL. USA N YES IL 33077
NDZ MDOOZA. ARGENTINA S NO -4- 1576
ME MEDINA. SAUDI ARABIA N No -4- 4696
Mo MALANG. ANGOLA S NO -.- 740
MEL MELBOURNE. VICTORIA. AUSTRALIA S NO -6- 17124
MIn M101PNHIS, TN. USA N YES TN 659
Mo MOM. INDONESIA N NO .4- 736
max MEXICO CITY. MEXICO N NO -41- 4170
Mlr MC ALLN TX. USA N YES TX 288
mrn MWFOR. OR. USA N YES OR 3529
Awu Mii. ZMBIA S No -4- 34
M MANAGUA. NICARAGUA N NO -41- 3212
MOM MONTOOMEY. AL. USA N YES AL 146
MOO MOIIU, SOMALIA N No -0- 94
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lowd MASIO, IRAN N NO .4- 516
MIA MIAMI. FL. USA N YES FL 28033MIL MILAN. ITALY m N "4- 'e

min MONASrIR, TUNISIA N NO 48
MIU MAIDUGRI, NIGERIA N NO -41- 87
""' Mlt I4MAYI. ZAIRE S NO -4- 396

M MANO ADAGASCAR s NO -4- 402
MdT WTILEME. GREECE N NO -4- 2852
WKE MIL KEE. W USA N YES WI 15
KY MAICCA, MALAYSIA S NO .4- 21"

MLA MALTA. MEDITERRANEAN SEA N NO 4- 28682
LMU UC. FL. USA N YES FL 958

• N NO -4- 356
MU tWAuOh S/SEL. FRANCE N NO ,0- 1
MLI MOLINE. IL. USA N YES IL 1947
MLU MONROE. LA. USA N YES LA 3670
bUY MIYAKO JIMA, JAPAN N NO -4- 366

S MANILA. PHILIPPINES N NO -4- 1232
mo MOBILE AL/PASCADOULA, MS. USA N YES AL 3013
MOC HONTES CLARNS. BRAZIL S NO 4- 416
MOL MOLDE. NORWAY N NO -4- 2129
moo MOROSMAVA. MAODASCAR S NO -4- 112
MOT MINOT. NO. USA N YES NO 737

HMPL MOTPELLIER. FRANCE N NO -4-- 52
WW MAPUTO. MOZAMIQUE S NO -4- 2246
M MARSEILLE. FRANCE N NO 4- 3381
he MAURITIUS. MAULITIUS S NO -4- 321
Maw MONTEREY. CA. USA N YES CA 3559
M5HN MADISON. WI. USA N YES WI 1695
MOO MISSOULA. Mr. USA N YES WT 3537
M op MINEAFOLIS--ST PAUL. MN. USA N YES W4 6126

t JNSTR. FRO N NO 4-
MSY N ORLEANS. LA. USA N YES LA 25950
MSZ NAMIDE. ANGOLA S NO 4- 228
MTS MANZINI. SWAZILAND S NO "4- 96
Wry MONTRREY. MEXICO N NO - 6
Mic MUNICH. FRO N NO -4- 36435
WAJx MJLTAN. PAKISTAN N NO -4- 2468
Miz WJUOMA. TANZANIA S NO 4- 6
mW FRANCEV LLE. GABON N NO 4- 1
MAO MONTEVIDEO. URUGUAY S NO 4- 4977
MR WMROUA, REP OF CAMROON N NO -a- 1190
MOZ IMANZA. TANZANIA S NO -4- 79
MXP MILAN-MALPISA. ITALY N NO -4- 4
MYJ MATSUYAMA. Sl4IKIKU. JAPAN N NO -- 296

MYRTLE EACH. SC. USA N YES SC 464
MYW MTWARA. TANZANIA S NO -4- 370
HYY MINI. SANAWAI. MALAYSIA N NO -4- 3024
MaG MAKUHG. TAIWAN N NO 8-4- 6677

tZT MAZATLAN. MEXICO N NO .4- 976
SHAGPI . INDIA N NO -0- 2756
MAN NADI. FIJI S NO 4- 1373
NAP NAPLICS. ITALY N NO -4-' 739
NAS NASSAU. BAHAMAS N NO -4- 7440
NAT NATAL. NAZI L S NO -4- 4366
No NAIROI, KENYA S NO -4- 1051
NCE NICE. FRANCE N NO -0- 3675
NCL NEWCASTLE. NOLAN N NO -4- 1825
m0 SUM. ANGOLA S NO -4.- 1*
NJ N'OJAMlA. CHAO N NO -4- 18
Nu N'GGUNDER. RE OF CAMEROON N NO .4- 1eV6
MOO NOYA. JAPAN N NO -0- 5577
NIM NIAMEY. NIGER N NO -4- 62
N6C NOUMCHOTT. MAURITANIA N NO -4- 116
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NIO NANJING. P. R. CHINA N NO 4- 2476
NLA NOOLA. ZAMIA S NO -4- 701
NLK NORFOLK ISLAND. PACIFIC OCEAN S NO -4- 420
NNS NANNING, P. R. CHINA N NO -4- 1157
NoS NOSSI. MADAASCAR S NO -4- 568
NOU NOUMEA, NCO CALEDONIA S NO -0- 219
NOV HUAMBO. ANGOLA S NO -4- 520
No" NEUQUEN, ARGEITINA S NO -4- 1876
NU NR FRO N NO 4- 3516
IWIT NAVEANTES, RAZI L S NO -4- 266
OAJ JACSONVILLE. NC, USA N YES Nc 2428
OAK OAKLAND. SAN FRANCISCO. CA. USA N YES CA 27453
00 O01SE. 0DWU N NO -4- 567
000 IAHJLUI, MAUI. HA. US N NO HA 27942
COX OUARGLA, ALGERIA N NO -L- 636
ONO OHRID. YUGOSLAVIA N NO -0- 292
OIT OITA. JAPAN N NO -a-
OKA OKINAWA, RYUKYU IS. JAPAN N NO -ls- 1181
OKC GKLHOMA CITY. OK. USA N YES OK 25165
OL OLUIA. ITALY N NO -4- 40
OMA OMAHA. NB, USA N YES NO 16666
OiE NOM. AS, US N NO AS 2272

4ONT ONTARIO. CA. USA N YES CA 3363
OL GOLD COAST, OLD. AUSTRALIA S NO -4- 2812

OPO OPORTO. PORTUGAL N NO -- 3349
ORD CHICAGO-.OHE. IL. USA N YES IL 59542
O.F NORFOLX-VA. BEACH. VA. USA N YES VA 24618
GR WORCESTER. NA. USA N YES MA 719
ORK CORK. IRELAND N NO -4- 2942
ON GRAN. ALGERIA N NO -4- 4524
CRY PARIS - ORLY APT. FRANCE N NO -4- 6944
OSA OSAKA, JAPAN N NO - 1792
OSL OSLO. NO"NAY N NO -4- 14168
OGM MOSUL, IRAQ N NO --- 312
01P UUCHAREST-OTOPMI. ROMAN IA N NO -4- 487
OTZ KOTZEBUE. AS, US N NO AS 2062
OUA OUAOUGOU. BURKINA FASO N NO -0- 14
OUD OWOA. MOROCCO N NO -0- 402
OiU OUESSO. PIMP REP OF CONGO N NO -.- 258
02 OUARAZATE. MOROCCO N NO -4- 161
PAT PATNA. INDIA N NO -0- 4973
Pi WEST PALM EACH. FL. USA N YES FL 10310
POM PARAMARIBO. RP Of SURINAME N NO -0- 194
PCL PUCALLPA, PE04, S NO -0- 586
POL PONTA DELGADA. PORTUGAL (AZORES) N NO -4- 88
POP PUNTA DEL ESTE. URUGUAY S NO -0- 2332
POX PORTLAND. ON, USA N YES OR 18968
PEX EIJIN. P. R. CHINA N NO -0- 9169
PEN PINS, ALAYSIA N NO - 9062
Put PERTH. WA. AUSTRALIA S NO -0- 1178
PDm PEUHAW, PAKISTAN N NO - 418
PHC POT NARCOURT. NIOERIA N NO -0- 268
PHI PORT NOLAND. WA. AUSTRALIA S NO -- 130
PHI,. PHILA[UaLI4SILMINGTON. PA. USA N YES PA 34164
PHs PHITSAJLCK. THAILAND N NO -+- 1466
PIU POSIIX. AZ. USA N YES AZ 163588
PIA PORIA, IL, USA N YES IL 389
PIt TAMPA-ST. PETERSRG. FL. USA N YES FL 302
PIK 0' GOW ACSTWICK. SCOTLAND N NO -4- 52
PIT PITTSBGH, PA. USA YES PA 69413
PIU PIURA. POW S NO -0- 1o6
PLZ PORT ELIZAETH. SOUTh AFRICA S NO -0- 12531
MA PEA ISL.AND TANZANIA S NO -a- 6
M PUET MONT, CHILE S NO -0- 1466
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PuE PORYSMOUTH. UK N NO -4 4-
PlI PALMA MALLORCA ISLAND, SPAIN N NO -41- 2449

M PALMSTON. NO ZEALAND S NO -4- 2582
PNO POONA. INDIA N No -4- 842
P, POINTr NOIRE. POP REP OF CONGO S NO -4- 1265
pus PENStOLA, FL. USA N YES FL 2180
PiNZ PETROLINA, BRAZIL S NO .4- 720

A 0 ALEGRE. BRAZIL S NO -a- 8154
POO PORT GOITIL. GABON S NO -@- 18
POL PEMA. MOZAIQUE S NO 4- 260
P0s PORT OF SPAIN, TRINIOAD/TOSAWO N NO -4- 52
ppG PACO PACO. SAMOA S No .0- 434
PpP P INE. OLD. AUSTRALIA S NO -4- 437
PRO PRAGUE. CZECHOSLOVAKIA N NO -4- 1231
PSA PISA. ITALY N NO -0- 1082
PSC PASCO. WA, USA N YES WA 864
PSG PETERSBURG. AS. US N NO AS 146
PSI PASNI. PAKISTAN N NO -4- 208
PSP PALM SPRINGS. CA. USA N YES CA 3083
PSI POSADAG. ARNTINA S No -4- 938
PTY PN4AA CITY. PANAIA N No -o- 2683
pus PUEBLO. CO, USA N YES CO 2569
PUG PUNTA ARENAS. CHILE 5 NO -4- 760
PUY PULA, YUGOSLAVIA N No .4- 76
PO PROVIDENCE. RI. USA N YES RI 5358
PVH PORTO VELHO. BRAZIL S No -4- 476
PWR PUERT0 VALLARTA, MEXICO N No -4- B80
PIM PORTLAND, ME. USA N YES ME 2450
PX0 PORTO SANTO. PORTUGAL (MADEIRA) N NO -4- 58
Pzu PORT SUDAN. SLOAN N NO -0- 925
QTV TREVISO. ITALY N NO -4- -4-
RAE ARAR. SAUDI ARABIA N NO -4- 1662
RAN RAFI4A, SAUI ARABIA N NO -0- 166
RAJ RAJKOT. INOIA N No -4- 730
RAK MARRAKE 'H MOROCCO N No -4- 529
RAP RAPID CITY. SO. USA N YES SO 4703
RAR RAROTONGA, COOK ISLAND. S. PACIFIC S No -4- 152
RAS RAINT. IRAN N NO -4- 540
RON RIO BRANCO. BRAZIL S NO -0- 3614
IU RIO CUARTO. ARGDETINA S No -4- 552
ADD REDOING. CA, USA N YES CA 3151
IOU RALZIG-OUNHAM. NC, USA N YES NC 236"7
RIC RECIFE. BRAZIL S No -4- 8974
REL TRELEW. ARGENTINA S No -4- 2448
RES RMISTENCIA, ARGENTINA S No -0- 730
RGA RIO GRANDE, ARGENTINA S No -4- 1628
ROL RIO GALLEGOS. ARGENTINA S NO -4- 3176
RHO RHODES, GREECE N No -4- 728
RIC RICiM ND , VA. USA N YES VA 8252
RIJ RIOJA. POW S NO -0.- 338
RIY RIYAN, YO4 N NO -41-- 50
RJK RIJEKA. YUGOSLAVIA N No -41- 76
RKT RAS AL 1KHAIMAH, U. A. MIRATES N No -4- 236
Ae m 0l, DNOMK N No -41- 298
RNO mm40. 1f. USA N YES NV 25154
RDA ROANCKE. VA. USA N YES VA 3910
RON MONOVIA ROBETS, LIBERIA N No -4- 320

OO ROCISTER. NY. USA N YES NY 13533
bN ROCbHMrTON. OLD. AUSTRALIA S No -0- 3570

OR KOIM, PALAU ISLAND, PACIFIC OCEAN N NO -0- 132
we ROSAIO, ANOITINA S NO -0- 1704
MR RAIPUR. INDIA N No -4- 1440
INS F10, NORWAY N No -0- 782
106 FORT MYERS REGIONAL, FL. USA N YES FL 2486
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RUN RIYADH. SAUDI ARABIA N NO -4- 21709
RUN REUNION ISLAND, INDIAN OCEAN S NO -4- 436
SAO SABA. NETfl. ANTILLES N NO -4- -0-
SAN SANAA. YEMEN N NO -4- 158
SAL SAN SALVADOR. EL SALVADOR N NO -4- 6574
SAN SAN DIEGO. CA. USA N YES CA 3610
SAO SAO PAULO. BRAZIL S NO 4- -e-
SAP SAN PEDRO. SULA. HONDURAS N NO -4- 3411
SAT SAN ANTONIO, TX. USA N YES TX 31967
SAV SAVAN4AH. GA. USA N YES A 577
SBA SANTA BARBARA. CA. USA N YES CA 2895
SON SOUTH BEND. IN. USA N YES IN 1496
SCC PRIJHOE BAY. DEADHORSE. AS. US N NO AS 3834
SCK STOCKTON.CA. USA N YES CA 787
SCL SANTIAGO. CHILE S NO -4- 3733
SCN SAARBRUECKEN, FRO N NO -4-
SOA BAHDHAD-SAODAM. IRAQ N NO -4- 2599
SOo LUANGO. ANGOLA S NO -4- 662
SOt SANTIAGO DEL ESTERO. ARGENTINA S NO -1- gi
SOF LOUISVILLE. KY, USA N YES KY 11936
SDJ SIDAI. JAPAN N NO -4- 2796
SO SANDAKAN. SABAH. MALAYSIA N NO -4- 2166
SEA S.ATTLE/TACOMA. WA. USA N YES WA 27659
SFA SFAX. TUNISIA N NO -4- 186
SF'N SANTA FE. ARGENTINA S NO -4- 624
SFO SAN FRANCISCO-OAWLAND. CA. USA N YES CA 82486
SOF SPRINGFIELD. MO. USA N YES MO 3704
SHA SHANGHAI. P. R. CHINA N NO -4-- 1678
SHE SHIYANG. P. R. CHINA N NO -4- 208
SHJ SHARJAH. U. A. EMIRATES N NO -4- 2586
SHY SHRLVEORT. LA. USA N YES LA 3098
510 SHARURAN, SAUDI ARABIA N NO .4- 730
SIA XI AN. P. R. CHINA N NO -4- 848
slo SAL. CAPE VEE ISLAND N NO -4- 16
SIN SINGAPORE. SINGAPORE N NO -- 6631
SIT SITKA. AS. US N NO AS 778
SJC SAN JOSE. CA. USA N YES CA 37310
SJJ SARAJEVO. YUGOSLAVIA N NO .4- 174
SJO SAN JOSE. COST RICA N NO -4- 3317
SKG THESSALONIKI. GREECE N NO -4- 1967
SKO SOKOTO. NIGERIA N NO 4- 1182
SKP SKOPJE. YUGOSLAVIA N NO 4 216
SKS SKRYDSTRUP. DOARK N NO -4- 45
SKZ SUIO(UR, PAKISTAN N NO -4- 566
SLA SALTA. ARGENTINA S NO -4- 1934
SLC SALT LAKE CITY. UT. USA N YES UT 77961
SLL SALALAN. OMAN N NO -4- 882
SLZ SAO LUIZ. MARANWAO. BRAZIL S NO -4- 3629
sir SACRAMENTO. CA, USA N YES CA 18876
Si SAMOS ISLAND. GREECE N NO 4'- 1678
SNA ORANGE COUNTY, CA. USA N YES CA 2468W
sN SHANNON, IRELAND N NO -4- 1999
SNO SAKON NAKHON. THAILAND N NO -4- 566
SO SOFIA. BULGARIA N NO 4 671
SPP MOOM. ANGOLA S NO -4- 224
SPU SPLIT. YUGOSLAVIA N NO -01- 1592
SRO SARASOTA/RAOENTON. FL. USA N YES FL 657
SSA SALVADOR, BRAZIL S NO .- 9230
SSG MALABO. EQJATORIAL GUINEA N NO -4- 126
STL ST LOUIS, MO. USA N YES MO 20668
5714 SANTAREM. BRAZIL S NO -0- 3318
STR STUTTGART. FRO N NO -4- 18747
ST ST THOMAS. VIRGIN ISLANDS N NO -4- 748
STV SURAT, INDIA N NO -4- --&-
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STX ST CROIX. VIRGIN ISLANDS N NO -4- 730
SIN SUVA. FIJI S NO -4- 650
sux SIOUX CITY. 10, USA N YES I0 1536
sve SA1AVA. MADAGASCAR S NO -4- 274
Svc STAVANGER. NORWAY N NO -4- 16946
Svc MOSCOW-SHERdIETYE. U.S.S.R. N NO -6- 664
SWP KUITO, ANGOLA S NO -4- 422
Sm3 STRASOORG. FRANCE N NO -4- 76
SXF BERLIN. GOR N NO -4- 86

SRINAGAR, INDIA N NO -0- 2123
SYD SYONE, N.S.W.. AUSTRALIA S NO -4-- 16325
SYR SYRACUSE. NY. USA N YES NY 16961
SYZ SHIRAZ. IRAN N NO -'4- 3868
SZG SALZURG. AUSTRIA N NO -4- 648
TAI TAIZ. YEME N NO -4- 826
To0 TAORA. TANZANIA S NO -4- 36
TOP TJUES. PERU S NO -4- 464
TST TABATINGA. BRAZIL S NO -4- 764
ThU TONGATAPU. TONGA ISLAND. PACIFIC S NO -4- 667
Toz TABRIZ. IRAN N NO -- 214
TEE TBESSA. ALGERIA N NO -W- 652
TER TERCEIRA, PORTUGAL (AZORES) N NO -4- 87
TET TETE. MOZAMBIQUE S NO -4- 364
TEZ TZPUR. INDIA N NO -4- 728
TFF TEFE. BRAZIL S NO -0- 246
TFS TEDERIFFE-REINASOFIA. CANARY ISLANO N NO -4- 244
TOO TITOGRAD. YUGOSLAVIA N NO -1- 6
Too KUALA. TER4GGANAJ, MALAYSIA N NO -4- 438
TOT TANGA. TANZANIA S NO -0- 26
TGU TEGUCIGALPA. HONDURAS N NO -4- 3746
THE TERESINA. PIAUI. BRAZIL S NO 4- 2920
THR TEHRAN. IRAN N NO "4- 4370
TIA TIRANA. ALBANIA N NO -4- 104
TIF TAIF. SAUDI ARABIA N NO -4- 1464
TIN TINDOUF. ALGERIA N NO -4- 1"6
TIP TRIPOLI. LIBYA N NO -4- 287
TIV TIVAT, YUGOSLAVIA N NO -I- 186
TKO KIGCMA. TANZANIA S NO -4- 18
TLE TULEAR. MADAGASCAR S NO "4- 490
TLH TALLAHASSEE. FL. USA N YES FL 0
TLM " TILIMISE. ALGERIA N NO -0- 1646
TLS TOULOUSE. FRANCE N NO -0- 1152
TLV TEL AVIV-YAFO. ISRAEL N NO -0- 2334
1MM TAMATAVE. MADAGASCAR S NO -4- 150
Tm TAMANRASSET. ALGERIA N NO -4- 1228

SAO TOME ISLAND. SAO TOME ISLAND N NO -a- 124
TNG TANGIER. MOROCCO N NO -we- 2117
TNN TAINAN. TAIWAN N NO -4- 3324TNR ANTANANARIVO, MAAASA S NO -- 1953

TOE TOZZI, TUNISIA N NO -4- 86
TOL TOLEDO. ON. USA N YES OH 1724
TO Tamm, NORAY N NO -0- 2680
TOY TOYAMA, JAPN N NO 4- 1522
TPA TAMPMA PETERSBURG. FL. USA N YES FL 19425
TPP TARAPOTO, PERU S NO -4- 656
T TRONHEIM. NORWAY N NO -4- 11631
TRI TRI-CITY AIRPORT. TN. USA N YES TN 2166
11N TURIN, ITALY N NO -4.- 932
TRU TRUJILLO. PERU S NO -4- 28
TRY TRIVANDRIM. INDIA N NO -41- 2374
TRW TARAWA, REP OF KIRIBATI N NO -6I- 106
TRZ TIRUCHIRAPALLY. INDI: N NO -4- 2318

TAIPEI-SUNG SHAN. T AN N NO -4- 22439
TSN TIANJIN, P. R. CHIN. N NO -6- 954
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S TOWNSVILLE. OLD. AUSTRALIA S NO -4- 6252
TTJ TOTTORI*. JAPAN N NO -4- 1466
TTT TAITUNS. TAIWAN N NO -4- 1488
TUC TUCUMAN. ARGENTINA S NO -- 24"
TUL TULSA. OK. USA N YES OK 30215
TUN TUNIS. TUNISIA N NO -0- 5129
TI TUCURUI. BRAZIL S NO 4- 419
TUS TUCSON. AZ, USA N YES AZ 14844
TUU TASUK. SAUDI ARABIA N NO -4- 4152
TVL LAKE TANOE. CA. USA N YES CA 2274
TWU TA.AU. SANH. MALAYSIA N NO -4- 2926
TXL WEST BERLIN. GERMNY N NO -4- 17484
TYL TALARA. PERU S NO 4- 12
TYN TAIYUAN. P. R. CHINA N NO -0- 104
TYS KNOXVILLE. TN. USA N YES TN 4917
UAQ SAN JUAN. ARGENTINA S NO .-4- 546
USA UIMRASA. BRAZIL S NO -4- 1186
41 UK. JAPAN N NO -4- 2496
UP ON PATCHATHANI, THAILAND N NO -4- 730
UDI USRELANDIA. BRAZIL S NO -4- 1186
UOi UDAIPUR. INDIA N NO -4- 1466
UEL QUELIMANE, MOZAMBIQUE S NO -4- 418
UET QUETTA. PAKISTAN N NO - 632
UIO QUITO. ECUADOR S NO -e- 1669
UNK UNALAKLEET. AS. US N NO AS 4
URT SURAT THANI. THAILAND N NO -0- 798
URY GURAYAT. SAUDI ARABIA N NO -- 746
USH USHUAIA. ARGENTINA S NO -4- 1864
UTH UCON. THANI, THAILAND N NO -73
UTN UPINGTON, SOUTH AFRICA S NO -4- 62
UVL NCW VALLEY. ARAB REP OF EGYPT N NO -4- 315
VCE VALVERDE. CANARY ISLANDS N NO -0- 1729
VcP SAO PAULO - VIRACOPOS. BRAZIL S NO -4- 104
VOM VIEDMA. ARGENTINA S NO -0- 416
VFA VICTORIA FALL. ZIMLAIWE S NO -4- 616
VNC SAURIMO. ANGOLA S NO -4- 252
VIE VIEINA. AUSTRIA N NO -4- 5a26
VIL DAKHLA, MDRC N NO a4- 8
VIX VITORIA. ESPIRITO SANTO. BRAZIL S NO -4- 2878
VLC VALENCIA. SPAIN N NO .4- 2"6
VLA - VILLA GESELL. ARGENTINA S NO -4- 154
VLI PORT VILA. VANUATU S NO -4- 251
VNS VARANASI. INDIA N NO - 3153
VTZ VISHAIOAPATNAM. INDIA N NO --- 1722
WI SANTA CRUZ. VIRU VIRU. BOLIVIA S NO -4- 164
VXC LICHINGA. MOZAMBIQUE S NO -4- 312
WAW WARSAW. POLAND N NO -4- 1027
WON WINDHOEK. NAMIBIA S NO .4- 1862
WLG WELLINSTON. NCR ZEALAND S NO -4- 17828

W RANGELL. AS. US N NO AS 1466
WUm U.& . P. R. CHINA N NO -0- 2902

XIPIPN. P. R. CHINA N NO -0- 2254
XRY JER f LA FRONtmA, SPAIN N NO -a-
YAK YAKUTAT. AS. US N NO AS 1460
YAM SAULT STE MARIE. ONT.. CANADA N NO -0- 3546
YAO YAOUNDE. REP OF CAMEROON N NO -4- 4147
YoC BAIE COMEAU. QUE EC. CANADA N NO -0- 276
Yo SAGUIIAY. QUE. CANADA N NO -- 526
Y8N RDON. MAN CANADA N NO -4- 1252
Ye CAMRIDGE BAY. WT. CANADA N NO -0- 239
'iG CASTL.AR. SO, CANADA N NO -0- 626
YOH CHATHAM. NI, CANADA N NO -0- 626
YCL CHARLO, N8. CANADA N NO 2-0- 62
YOF CUM LAKE. NFLD. CANADA N NO -0- 2855
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YDO DAISON CREEK. 9C. CANADA N NO -4- 626
Yinr EDMONTON. ALTA. CANADA N NO -4- 11693
YEV INUVlIK. TT. CANADA N NO -4- 745
YrB IQALIUT. WT, CANADA N NO -4- 1769
YFc FREDERICTON, NO. CANADA N NO -4- 1342
YFO FLIN FLON. MAN. CANADA N NO -4- 429
YOJ YONAGO. JAPAN N NO -4- 2196
Y L LA GRAINE. QUE. CANADA N NO -4- 1644

KUUJJUARAPIK. QUE. CANADA N NO -4-- 522
YOX GILLAM. MAN. CANADA N NO -4- 632
YHD ORYDEN. ONT. CANADA N NO -4- 2699
YHY MAY RIVER. NVT. CANADA N NO 4-- 1252
YNZ HALIFAX. NS. CANADA N NO -0- 14221
YJT STEPHENVILLE. NFLD. CANADA N NO -41- 144
YIKA KAMLOOPS. 8C. CANADA N NO -4- 2650
YLW KELM". 9C. CANADA N NO --4- 879
YIM FT MCIRRAY. ALTA. CANADA N NO -4- 1148
YMS YURIMAGUAS. PERU S NO 4- 216
YMw MONTREAL MIRASEL. QUE. CANADA N NO -- , 509
YND YANBU. SAUDI ARABIA N NO -4- 2513
YNG YOUNGSTOWN. ON. USA N YES ON 33.
YOL YOLA. NIGERIA N NO -0- 1279
You OTTA. ONT. CANADA N NO -4- 19695
YPR PRINCE RUPERT. 8C. CANADA N NO -4- 1436
YQB QUEDEC. QUE. CANADA N NO -4- 1356
YQOD THE PAS. MAN. CANADA N NO 4- 630
YQG WINDSOR. ONT. CANADA N NO -4- 2351
Yom WATSON LAKE. YT. CANADA N NO -- 335
YO1 REGINA. SASK. CANADA N NO -4- 3925
YOT THUNDER SAY. ONT. CANADA N NO -4- 6659
YQU GRANK0 PRAIRIE. ALBA. CANADA N NO -4- 1560
Y GANDOR. NFLD. CANADA N NO -4- 748
yoY SYDNEY. NS, CANADA N NO -4- 1844
YQZ QUESNEL. IC. CANADA N NO -4- 442
YRB RESOLUTE. NT. CANADA N NO -9- 417
YSs SWIRY. ONT. CANADA N NO --- 1092
YSJ SAINT JOHN. NO. CANADA N NO -0" 1358
YSM FT SMITh. NWT. CANADA N NO -0- 1252
YSR ANISIVIK NOT. CANADA N NO -4- 20
YT, THOMPON. MAN. CANADA N NO -4- le
YUL MONTREAL. QUEBEC. CANADA N NO -0-- 19081
YU YUIMA. AZ. USA N YES AZ 31
YUX HALL BEACH. NOT. CANADA N NO -0- 210

VAL DOR. ONE. CANADA N NO -4-- 1887
P FT CHIO, GUE. CANADA N NO -0- 1178

YVQ NORMAN WELLS. NOT. CANADA N NO -"- 1133
YVR VANCOUVER, 9C. CANADA N NO -4- 38426
ws WINIPE . MAN. CANADA N NO --- 13898
YA ,US. NiLr. CANADA N NO -0- 964
YWL WILLIAMS LAKE. 8C. CANADA N NO -0- 442
YXC CRANlR.OK, 8C. CANADA N NO -0- 2712
YXD EOMONTON-MUNICIPAL. ALBERTA. CANADA N NO -0- 10271
YXE SASKATOON, SASK. CANADA N NO -- 3934
YXJ FT ST JOHN. lC. CANADA N NO - 3958
YXS PRINCE OEORG. 9C. CANADA N NO -0- 5052
Y'XT TER1RACE. 8C. CANADA N NO -0- 179€
YXW LONDON. ONT. CANADA N NO -0- 422
YXY ITERORSI., YT, CANADA N NO -0- 1479
YYC CALGARY, ALBERTA- CANADA N NO ,0- 33327
'rI SMITHERS. 9C. CANADA N NO -9- 004
YYE FT NELSON. C. CANADA N NO -9- 062
Ylr PENTICTON. 8C. CANADA N NO -0- 2964
YYC CHARLOTTETOELN Pill, CANADA N NO - 1600
yyj VICTORIA. 9C. CANADA N NO -0- 671
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YYL LYNN LAKE. MAN, CANADA N NO -41- 32
YYa CHURCHILL. MAN. CANADA N NO -4- 412
YYR GOOSE SAY. NFLD. CANADA N NO -4- 1733
YYT ST JOHNS. NFLD, CANADA N NO -4- 4331
YYY MONT JOLI. QUE. CANADA N NO -4- 276
YYZ TORONTO. ONTARIO. CANADA N NO -4- 4416f
YZF YELLOWKNIFI, NWT. CANADA N NO 4- 3253
YZP SANCSPIT. 9C. CANADA N NO -4- 774
YZT PORT HARDY. BC. CANADA N NO -4- 78
YZV SETP-ILES. QUE. CANADA N NO -- 3
ZAD ZADAR. YUGOSLAVIA N NO -4- 52
ZAG ZAGR. YUGOSLAVIA N NO -4- 6743
ZAN ZAHEDAN. IRAN N NO -4- a
ZWA Z]ANGJIMNG. P. R. CHINA N NO -4- 416
ZIH IXTAPA/ZIMUATANEJO. MEXICO N NO -44
ZNZ ZANZIBAR. TANZANIA S NO -0- 109a
ZRH ZURICH. SWITZERLAND N NO -4- 1 6
ZTH ZAKINTHOS. GREECE N NO -4- 676
ZUM CHURCHILL FALLS. NFLD, CANADA N NO -4- 216
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APPENDIX B
CONTENTS OF FAA BIRD INGESTION DATA BASE - BOEING 737 AIRPLANE

OCTOBER 1986 - SEPTEMBER 1987

This appendix presents the contents of small engine bird ingestion data base
maintained by the FAA. The appendix presents actual data extracted from the FAA
database and used in this report. When the null symbol -0- appears in any data
position it indicates that the data are unknown. The data base contents are
described below:

COLUMN DESCRIPTION OF COLUMN CONTENTS

EDATE Date (mm/dd/yyyy) of ingestion event.

EVT# FAA ingestion event sequence number reflecting order in which events
were entered into the FAA bird ingestion data base.

ENG POS Engine position of engine ingesting bird. Since each engine ingestion
event has a unique record in the data base, duplicate event numbers
indicate multiple engine ingestion events. This column provides
record uniqueness in such cases.

1 - left engine of 737 airplane
2 - right engine of 737 airplane

ETIME Local time of bird ingestion.

SIGN- EVT Significant event factors.
AIRWRTHY - engine related airworthiness effects
INV POS LOSS - involuntary power loss
MULT BIRDS - multiple birds in 1 engine
MULT ENG - multiple engine ingestion (1 bird

in each engine)
MULT ENG-BIRDS - multiple engine ingestion

and I or both engines sustained multiple
bird ingestion

TRVS FRAC - transverse fan blade fracture
OTHER - oLzer significant factor, may be reported in narrative

remarks
NONE - no significant factor noted

AIRCRAFT 737 aircraft type.

POP Phase of flight during which bird ingestion occurred.
(TAXI;TAKEOFF;CLIMB; CRUISE;DESCENT;LANDING;UNKNOWN)

ALTITUDE Altitude (ft. AGL) at time of bird ingestion.

SPEED Air speed (kn) at time of bird ingestion.

FLRULES Flight rules in effect at time of bird ingestion.
IF - instrument flight rules
VFR - visual flight rules
UNK - unknown

B-1



LT-COND Light conditions at time of bird ingestion.

(DAR; LIGHT;DAWN ;DUSK;etc.)

WEATHER Weather conditions at time of bird ingestion.

CREW AC Crew action taken in response to bird ingestion.
ATO - aborted takeoff
ATB - air turnback
DIV - diversion
UNK - unknown
NONE - no crew action taken
N/A - not applicable
OTHER - some action taken, may be specified in narrative remarks

CREW AL Indicates whether crew alerted to presence of birds at time of bird
ingestion.
(YES;NO;UNKNOWN)

BIRD-SEE Indicates whether ingested bird(s) seen prior to ingestion
NO - not seen
YES - seen
SEVERAL - 2 to 10 birds observed
FLOCK - more than 10 birds observed

BIRD-NAM Common bird name. Trailing asterisk (*) implies bird not positively
identified as such.

BIRDSPE Species of positively identified bird. Alphanumeric identification
code which conforms to Edward's convention.

#-BIRDS Number of birds ingested. A (-2) implies more than one bird
but the exact count is unknown.

WTOZ 1 Weight (oz.) of first ingested bird.

CTYPRS Scheduled city pairs of aircraft operation.
(from code:to code) 3 letter city airport code.
Reference AIRPORT column in Appendix A.

AIRPORT Airport at which bird ingestion event occurred.
3 letter city airport code. Reference AIRPORT column
in Appendix A.

LOCALE Nearest town, state, country, etc.

US INCID Indicates whether bird ingestion occurred within United
States boundaries.

(YES;NO)

Edwards, E.P., "A Coded List of Birds of the World,"
IBSN:911882-04-9, 1974.
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ENGINE Engine model.

(CF56;JT8D)

DASH Engine dash number.

DM0 CODE Letter codes summarizing engine damage resulting from the
bird ingestion. This column does not exist in the actual FAA
database, but was developed by the contractor to compress 17
YES/NO damage fields into a single column. A letter code

appears for damage columms whose values are YES. Each page
of damage information contains a legend identifying the damage
type. In the explanation of damage codes below, a number in
parentheses indicates the damage severity code which is further
explained in the SEVERITY column. The database column name is

given in the explanation of the damage code.
A(4) - ENG DAM; engine damaged due to bird ingestion
B(3) - LEAD EDG; leading edge distortion/curl, minor fan blades
C(3) - BEN/DEN; 1 to 3 fan blades bent or dented
D(2) - BE/DE>3; more than 3 fan blades bent or dented
E(3) - TORN3; 1 to 3 fan blades torn
F(2) - TORN>3; more than 3 fan blades torn
G(2) - BROKEN; broken fan blade(s), leading edge and/or tip pieces

missing; other blades also dented
H(3) - SHINGLED; shingled (twisted) fan blades
I(1) - TRVSFRAC; transverse fracture - a fan blade broken chordwise

(across) and the piece liberated (includes secondary hard
object damage)

J(2) - SPINNER; dented, broken, or cracked spinner (includes spinner
cap)

K(1) - CORE; bent/broken compressor blades/vanes, blade/vane clash,
blocked/disrupted airflow in low, intermediate, and high
pressure compressors

L(3) - NACELLE; dents and/or punctures to the engine enclosure
(includes cowl)

M() - FLANE; flange separations
N(2) - RELEASED; released (walked) fan blades
0(1) - TURBINE; turbine damage
P - OTHER; any damage not previously listed
Q - UNKNOWN

SEVERITY Numeric code indicating the severity of engine damage resulting from

the bird ingestion. This column does not exist in the actual FM
database, but was developed by the contractor as a result of an
analysis of reported damage in the database. The lower the severity
code, the more severe the damage. The severity rating assigned to a
flight is determined as the lowest severity rating attained by any of
the damage categories. The corresponding severity ratings for each
damage category were given in parentheses in the DMGCODE discussion
above.

I - most severe damage (damage is known)
2 - moderately severe damage (damage is known)
3 - least severe damage (damage is known)
4 - damage indicated, but not specified
9 - no damage reported
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POW-LOSS Degree of power loss as a result of bird ingestion
NONE - no power loss
EPR DEC - engine pressure ratio decrease
SPOOL DOWN - engine spooled down
NI CHANGE- Ni rotor change
N2 CHANGE - N2 rotor changa
COMPRESSOR - compressor surge/stall
UNKNOW - unknown whether power loss occurred

MAX VIBE Maximum vibration reported as a dimensionless unit.

THROTTLE Voluntary throttle change by crew in response to bird ingestion.
ADVANCE - voluntary throttle advance
RETARD - voluntary throttle retard
IDLE - voluntary throttle retard to idle
CUTOFF voluntary throttle retard to cutoff
NONE - no voluntary throttle change

IFSD Indicate whether in-flight shutdown occurred in response to bird
ingestion.
NO - no shutdown
VIBES - shutdown due to vibrations
STAL/SURG - shutdown due to compressor stall/surge
HI EGT - shutdown due to high exhaust gas temperature
EPR - shutdown due to incorrect engine pressure ratio
INWLTRY - involuntary engine shutdown
PARAMR - shutdown due to incorrect engine parameters
OTHER - other reasons, may be listed in remarks
UNKNOWN - unknown cause for shutdown

REMARKS Narrative description providing additional information concerning
some aspect of the ingestion.
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FAA BIRD INGESTIO 181 00 I, BOElI 737 AIRCWN, OCTONR 1986 - SEPTEMBER 1987
ED0TE C41 11 E)11 lOS TE SIGN EVI AICRAT POF ALITUDE SEED RULES LI CODIEA)FR CEWCM~ C N. BIRD SE 9Ik)IM BIR 995 I IR 021 Z CTY P
10/01/196 1 1 -0- NONE 000 UNNN .- -0- -0- -0- -0 OFE -0 + -0- -0- -0- -0- -0-
10/02V1966 2? 2 6:2D:00 NOE 30 CLIMB 700-0- (Fl -0- IVERAS DIY -0- -0- +0 -0- -0- -0- -0-
10/02/196 32 -0- NONE 30 TAXI 0 -0- -0- -0- -0- + + -0- -- -o -0- -0-
10/04/196 235 2 +0 NONE 200 U100614- -C- -0- -0 -0- -0- -0- -0- -0- -0- 14 40
10/05/196 4 1 -0- NONE 300 TAEOFF 100 160 YWI +0 am All ND- iEs liLi -0- 1 -0- -0-
10/0/196 52 -0- NONE 30 TAXI 0 -0- YWI LIGH0T CIDE O -0- -0 -0- -0- -0 -0- -0
10/10/196 232 -0- NONE 200 151114 -0- -0- -D + -0- + -0- -0 -0- 1 0 DOM-
10/10/196 234 2 -0- NONE 200 TAKEFF-0 -0 -0- -0 -+ ATE -0- -0- -0- 4 - -0- -0- N-I
10/13/1996 6 2 8:00:00118 000T DE MOIAEF -0- 146 WE DAWN SCATERED AlE + FLOC GRAY-HEADED1N1I1II 5N20 1 9. -0-
10/13/1996 6 1 8:00:00 IT EG 30 TAKEOFF -o- 146 WR Do SATTERED All -0 FLOC GRAY-HEM0ED PINi 5N20 1 9. -o-
10/14/196 232 2 -0 WDE 200 LANDING 0 125 -0- -0 -0 -0- -0 -0 +0 -0- 1 -0- 1
10/16/196 72 -0 MLIITE& IEU30 AW6003-- -0- -0 -0- um1 NONE - FLOCK STRING 21775 3 3. 4
10/16196 71 -0- IlllEN-I-91S 300 APW34IR-0- -0 + -0- am NONE -0 FLOMI STARLING 2175 1 3.4
10/19/196 23D1 -0- NONE 200 LANDING 0990 -0- -0- -0 -0- 4 - 4 -0- 0 -1I
10,'19/96 23 1 4-- ID 200 TAEFF - --- -0- 4- -0- 4 4 -0- - -0- -0- -0- ELS-
10/2/196 221 +0 IE 200 UNKNOWN+ -0- -0- -0- -0. -0- -0 40- +0 -0- 1 -a- -0
10/20/196 229 1 -0- OFE 200 TAEOFF 04-- -0- + - AID -0- 4 - -0- 1 -0- mi
10/21/196226 2 +0 NONE 200 r&UOF+ 0 -0-4-- 40- 40- 40- 4- +0 -0- -0- 1 -0- -
10/21/196227 1 -0 WNE 200 l&KEF + 145 4 4 l -0- 4-B + -0- 1-0-I GAU-
10/23/196 62 1 -0- MIT19IRD 200 TAKEFF -0 -0- -0- 4- NONE -0- - -0 -0- -24 -0-
1025196 236 2 4- NONE 20D 158614 + -0- -G- - - -0- 4 --0- 14 -0-+
10/26/196 81 -0- RIT8 EN 0 Imm -0- -0- WR -0- -0- OIV -0 4-0 4-+-+ 1 -0- -0
10/26/196 82 40- m IDE 000 WAEFF -- -0- WR -0- 4- DIV 4- -0- - -0- 1 -0- 4
1/2/96 9 2 -0- 11r ENG-6(R1200 APPOAH 0 - -0 -0- -0- + -0- 4- 4- AWUROCKUE I0 1 14.P1-i
10/291996 9 1 40- MULT E-915D200 APPROACH4 -0- 4 4 -0- -- - -0- SEVRA ROC BOVKE 2P1 -2 14. PIT-i
10/2/196 10 1 -0- NONE 30 om + 1 + -0 - 0- +0 NONE 4- -0+ -0 40 -0- -0- -
10/2/1996 11 I 4- NONE 30 IWOIF 0 130 WER DAY PAUY CLUD All YES FLOCK ROBN ORPIGEN -0- -.0- -0- -0-
10/29/196121 - WDE 0 aLIM +0 90 -0- 40- +0 NONE -C SEML -ll- 1 4 -0
10/0/196225 1 4 MI 20D LANDING 0 20 -0- 4 -0- 40- 40- -0- 40- -0- 1 I .G
11/01/19613I 4 - NON 200 N" -o- -- 4-- -o- -o- -+ -0 NO NIGHIPAN 515 I 2. --
11/02/1996 423 2 40- WE 200 7NEFF -- -4-- 4- +0 AlD -0 + - -0- + -0- -0- -0-
1/0/196 14 1 +a NI U0 am 0 +4-- 4- 40- NONE + -0- -0- -0- -0- 40- -0
11/04/196151 4- NONE U0 TAEFF 0 (100 WR -0- MEWAS IDE NO NO -0- -0- 1I-0- -0-
1/04/196 732 +0 WDE 200 TAKEOFF 0 145+ 40 - 40- -0- 4- 40- 4- -0- 14 + 4+
11/04/1996161 1 0- NONE 200 UNION1-- -o- -0- -0- -o- -o- -o- 4 -0- -o- I-o- -
11/07/19616 2 -0- WDE 200 810014- + 0 0 -0- 0 4- -0- -0- -0- -0- - -0- +1
11/07/19 74 1 - WE 200 LANDI1NG 0 1254-- 40- 4- -0- 4.- + 4- -0- 1 -0- -0-
11/09/196 171 -0- 30E U 4 0- 4- -0 -0- +- NIE - -0- -0- -0- -0- 4- +-
1109/19619e2 4- IDE U m -014- +4 -- 4- 4- IE 4 -0- 40 -0- '0- -0- -0-
11/10/196192 40- WE U0 mmU4- 4 -0- + 0 4- NI +0 -0 -0- 4 - - aLT-
II/l0/1ft 20 1 21:13:00 NK 200 TAKEOFF 100-- WR DARK CLEAR NONE YES -0- - -0- 1 + OW4-
11/14/19 75 1 +0 IDE 200 WXEIFF 0 145 -0- 40- 4- Ale 40- 0- - 1- 14- -
11/4/% 76I + IDE 200I TAKEFF 04-4-- -+ - AT -0- -0- 40- -0- 14 -0-
11/15/9% 212 IB:3:0 MITOBI152011 TAKEOFF 4-+ - - + ~ -on +NOE NO N ROC IDOE 2I 1 14 -(I
II1/lS/16 21 1 18,3:00UwlJD-B1E200 TAKEF - - -0- I AR 4 IE ND NO kI E ORI 2 14 1104
I/15/198 22 2 +0 IDE U0 UN6001-0- -0-4 + 4-- 4- IN -0 -0- -+ 0. -0- - 4-
1I119623 2 +- WE U0 LANDIS-154 - 4 -- 4- -0- NONE +- 0- WAYEDD LAP1I6 30 1 1.-
11/18/16,24 2 +0 UKE U0 TKEOFF + -0- + -+ 4- All + -0- -0,- + 4- 4 4- -
10/0/I625 1 155:011 DE 200 WHOETF 0 120 WR LIGHT CLFEW E ND ND -0- -0- 14-- LOH1-
11/22/19626 1 23'08:00 DE U0 WP s ~-- -0 DARK aim NONE 40- INRL-0- -0- 14-- I-4
11/319627 1 - tyBr 1118 U NNW 81 0 4- + - -0- 4 -0- -0- -0- -0- 1 + .-
11/2/906272 + 31101 U6 300 634-- -- + -0- IDE + -- 4- -0 14-- -0-
11/2319962N81 13:00:00ID W 0 TAEOFF + -0- + 16H14MEN NIDE +- - -0- -0- -0 -0 -0
11/24/966300? -0- NiLIDE 20 U NNW 88 0- - 4 -- + -0- 40- +0 4- +- -0- 1- -I
11/24/1916301 4 lay181 200 UNOWN -4-- 4- +0 4- 4- -0- +- -0 I4-
II/W6I9% 29 1 I5:5:00 MID 200 TAKEOFF 04-- WIR 11GHT 0-M 0119R NO NO t WIND RM I0 1 6.119-I
11/26/1906 3002 19:3:00 IDNE 200 TAEOFF 0 4- 4- mR + 4- 4- YES RING BILLED GLL 11112 1 16.196-4



BID I 91D II OZ I CTY PRS AIRPOT LOE US ]KID ENGINE Be (5101 COE lTY POMM16 L A pYy TROL IrSD EM

+ + 0-+ BE- BEGRDE 1LYIBIIAIA NO IMh3 083K 20 Na No 1-
+ + - + YM. LAKE INK, CA YES N6 3 A,8 3 - 4.0 * N &

-0- 0 -0- -0- CnI OEJ CJ, CHINA O M 3 A,B 3 -0 -0- w No 0-
+ I +0 + 0 O CHINA NO JIM) -0--- 2+ -- + -0-
+ +- -0- MDT WRIERh, P YES M 3 A,H 3 NONE + NO NO M MFI, 1toIUm eIR
+ + -0- + P.K BEIJING CHINA NO CFI56 3 2 NE - NONE No -0-

S 10 80 W- 8(0 INIA NO JiM -0- A,H 3 - -0- +- - 4
+- + + -- -M IWCESIIR, ELK NO JIM) 15 A,C 3 +-o - + Ccoc sA

LATMIN1 520 1 9.-0- 05G MW~ING CHN NO M 3 21 -ONE w NON N -0-
LMlIE6 0 1 . -C- US KUII, CHIN N CF56 3 AB,E 3 + 5.0 lot[ O -0-

-0- 1 - M I Y, INIA NO Jiu -- 0- + -0- +- - 1 PORTED
21775 3 3.-C- K MLAS/FT WlI, TEX-LOEYES M 13 + WE + WE NO -0-
21Z7S I 3.-- OAL OMLLAS/FT IOTH, 1 W YES U156 3 -0- MOl -0 NONE NO +
+0 1+-0 -1801WR ThIIMORIINDIA No JIM) 9A +0 0- o. + 0- -ao-
+ + + ELS- ELS EAST LONDON, SOUTH AFRICA NO JO-0- 17 +..0 -0- -- 4-
+ 1 + - XFO CHINA NO JT90 + + + -0- + + -0-
-0- 1 4 - IU- C C&ITA, INDIA NO JIM )+ A,C 3 0 -0 + + +
-0- 1 -0- -0- 0 --+ NO JTI 17 A,C, 24 -0- - -0-
+ I 4- U- AU GlATI, INIA NO JIM) 17A AC 1 0- YES 0- 4 VIRAIIIU, 1HU, 3111
+ -2 + + 9M M U Y, HIN NO JIR 17A A,B 3 + + WL N 7 FN AES IRE LE TIP RPAIR
+ 1"- I + FO 4- NO JIM -0- -0 -0- +- - + 3 FAN IIES BENT
+ I+ + 3 W CUNY, CA YES 1563 + I -0- W NO -
-0- 1 -0+ + SM IG COUNY I CA YES 06 3 At 3 NOE 3.0 01 O -0--
2P! 2 14. PIT-O RDA RWM, VA YES JTI) 15 + NONE + NO NIO TUIBIE FAILED ON II/10/6
2P - 14. PIT-0 I M 81, VA YES JIM IS 3 NONE -0 E NO -+
-0- -- -0- 0- DAL L.M 1ION, TEX-LW YES *1I6 3 -0. 1ONE 4 a i -(-

IEO -+0 -+-.0- CL C AL.TIE, C YES 0156 3 A,CM 3 OF .0 IOLL NO -,-
+ -0- i 8IlMIN1t, ALA YES M 3 2K +0 OF NO -0-
+ I 4. GO 10 MIA U JI) - -0- - + - + -0-
515 1 2. -0- 0 -+ YES JTM 15 + NONE -0- 1K NO -0.
4- -0 -0 -4- - "5 IIMY AIRPIRT YES JIM IS -0 -0- -0 -0- -0-
-0- + + - I KARHII, PAISTM NO M 3 AH I NON 3.8 NONE NO -
-0- 1- -0- A ALBANY, IT YES M 3 A,,8,11 Im N -ON + No +
+ I1+ + 1110 H1E1W, INIA No JTM) -0- + + + 0- O -

- I + + 0 + NO JI) - AXC 3 -0- -0 -0- N O
+ + + -0(1w0 COIISI0I, NEM mum No JD 15 2 K -0- MR U -0-
+- I - -0- S01 SlAR, [Il NO JlM 17A .4 0- + .- NO +
+ + + + SA1 sSI NTONIO, IEX YES MU 3 + OF + O NO 0-
4- 0- 40 -0 OEM M, CO. YES M 3 -- u + N NO -0-
+ + + CLT a M- T CIAiOT, K YES MU 3 + 1K 4.0 Ml NO -0-
- 14- I U-IL PEN PENAG MY JIM) 15A AIl 3 NONE +K . NO -0-
+ I+ + RR M.OWE, IA No JIM) + 0. + + + ND -0
+ 1-0- 1 -+El MUNi , INDIA m JTRO + 0 -I NO +
y1 I 14. wI n OICS1, It YES iT is ASG 21K -C- OF N 4
211 2 14. W841 , ICIt YES aTSD 15 AXC5, 2 NONE -0- OF N +
4 + + + 0 AK.mU. .1. A M MU 3 A,CIJ 3 1 + E1 NO -0

MIPl Sao 1 7. + NI I5Ru .EMU N M 553 - 1 + NON NO -0-
+ + + + N OMLAVfI NTH, TEX YE M 3 AM 3 1 5. 1[LE N1O 4-
+ - LH21. L- LIVEI, MRM II YES JIM 9A A.,C 3 NX 4 1 K O SHAL LB)
+ -0- IIL-M 4 WIN, A SIA NO .TM) 15 A,jH 21F + WK NW *

-C- I-- -0- IE LU' PAiSM *O M 3 A 41 -' - NE 0-
+ I2+ 4- LNE LDE, jCISIUN ID MU3 A uSN + NON NO 41
-0- -0 .0- ROU HIImEX YES 3 A08M 3 1 HIGH W No -0
-0- + -11610 I.ELINM AS . Jim + + - + -0- ODOR
0- 19+ 41SI wF6 iuwNO.ma UAM N JIM + + 4-- 4- 4 + MOP

Pi Io 6. LI*1Z LLn LILURE, UI NO JIM 17 A, 21 K -0- NONE UO O IN CBMIN
i1412 I 16. a.w L in yu, N YES JIM 7 A,,6 2 1K -0- F NO U O+
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EDATIE EVIl ENG.POS ETIHE SIGNEVT AIRMIT POF .ITUE SPEED FL ULES LT CONS IOTHER CEIIdAC CREW AL B1D SEE BIRDNM BIRD9E #I DS _OZI CTypi11/27/1986 31 1 - WE 300 LANING -- -0- -0- -0- -0- Nl -0- . -0- -0- -0- -0- -0-11/271996 424 1 -0- NOE 200 LMANDI -0- -0- -0- - 0- -0- -0- -0- -0- -0- -0- -0-
11/29/1986 77 -0- NONE 200 LNDIN -'o- -o -- -0. -0- -0- 0- 1-0- +-
12/0/1916 72 f -0- HOPE 200 +m - -0- -0- -0- -0- -0- -0- -0- 1 2. -a12103/196 32 1 7:14:00 15JT BIRDS 200 + + + + + -0 + -0 + -04)- 2 -0- -0-
12/0B/96 34 I 16:00:00 NE 300 + + -+- -0- OEA BE - R= -0- + - -0- -0-
12/12/198 35 2 19:00:00 NONE 300 CLIMB 500 190 W I O CAR HOE -0- -0- -o- -0- -0- -0- -o-
12/13/196 36 1 -0- IT BIRDS 360 i 500-0-- IFR -0- RAIN AI + -0- -0- -0- -2 -0- -0-
12/13/1 96 79 2 -0- ILT BIRS 20D N -0- --- + -0- -0- -0- -0- -0- -0- -7 -0- -0-
12/14/1966 37 2 15:30:00 K 300 LIMB 00 190 IFR DAY OVERCAST AT D FLC I.O 1E]116 hI.L 14114 I 40. -0-
12/14/19 6 572 -0-- NO 200 TA,. 0- o -0 - -0- -0- -0- + -0- - -0- + -12/14/1986 90 2 -0- N 200 mm -o .-o. + -o -o- + + -o + -o -o-
12/14/1996 451 2 40- 30D LIM 1000 210 IFR MY OVAST 4- + NO NO S1L 4- -0- -0-
I?1/5/19 81 -- -0- NE 200 1 0FF 0 145 -4- -0- -0- -0- -0- -0- -0- -0- 1 -0- -
12/17/1986 38 2 -0- NINE 2 LNDINg 0 4- - -0- -0- ATH NO YES MAAl) 2.184 1 40. "-ft
12/17/196 162 2 -0- NONE 200 LNOi -0- -0--0- - -0- + 4- + -0- - 1 -0- -0
I19/1 96 2 + NONE 200 LDING 0 90 4- 4- 4 - - 0 - 0- 1 "0- -0-

12/30/190 56 4- + NONE TF' 0 130 -o- - - AT -- 4- +- -0- I -0- -0
12/24/1986 237 2 -0- W 200 T EF + -0- - - - 0 - -0- 0- -0- -- -4- -0- -0 -0
12/26/ 42 2 - IIS F 200 MID 150 -- -0- (O7 ST ATD - YES WING 6LLL 141114 1 40. 01-l
12/31/1196 39 1 I1:39 MITN 300 LANDIN - -- + LIGHT C1EA NOE -0. + ++ - I-0- -0
123/19 39 2 !1:39:00 ILTE 300 LoIls + -0- LIt CLEAR k + 4- +- - -- I -
OlIW943 2 40- WE 20D rIM 0 504 4- + 4- AID 4- 4- 4- + 10- FAT-a011r /1W 3011 - 1k 200 1 AD1 0 115 -0- - 4- -0- - 4- - -0- -IH
01/04/197 302 4 - 1k 200 TAIF 0 130"- - - - - -- o- - 4- + - "-
01/07/1997 44 1ILnBIRDS 2W LANDING + - -0- - - OF -0- -0- -0- 2-- -0
O/01/i197 .83 1 -0- 200 LASIID 0 + -o- -0 - 4- - - - -- 1 4. -
01/99 84 2 - WE 200 -+ + + + -0- - 4 + 4 -0- - 1- -
01109/19 238 1 -0- 1k 20 Im 0 130 0 .0-- 4 - SATTERED 4 4 4- - 1 -0- -0-
01/09/tIW U 30 4 - 1k 200 1631 -0-4-- 4- + -0. + + - -0- -A
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02/IW 42 2 6:10:00 E 20D LIIs 01 004- 4- M -I - NO W - -- 1 -0 -
0/" 78I 6 a - k 200 IAf " + .- -0- - AU - - - - -0- 14- -
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EDATE EVIIl BE -PS ETHE 5191W AICAF POE ATIRIf E ED F lIS LT.CONDS NA1ER 0E9% 0I. A BIRD SE BIRD.W NA BIRD ~ UT IRSifOZ I CT1
03/10/198 50 1 -0- OFE 30 1.10100 -0- +0 -0 +0 INAT NONE -0- -0 SIR HOD) LAR U 17T 1.5 -D-
03/1/197 31 +0 OE 200 JJODIK 100 124 + + + -0- -0- -0- - -o -0- 4
03/12/197 359 2 -0 NONE 200 1911-0+ -0- -0 + -0- +0 4- +0 +0 + -+ + -0
03/3397 63 2 13:20:00 WE 200 TAK1EF 50 125 YR DAY CLEMR NX NO SEVERAL +o +4 I + L-I
03/16/3190782 +- NOE 200 (mm104- -- + 4 -+ 4+ -0- + -0-- 14 -
03/17/197 64 1 7:4500WE 200 mm911 4004 Yi 4 + S0 OE -0- N0 BIAWAED 09 IW6MO 1 l0. W(
03/18/19708 2 4- N 200 t909m 4 + -4 -0 + o. -- 4- -0 +- -o- I4 4-
03/)9/197 511 -0 NOE 200 APPl44+ -0- + -0- NON- E - - + + -0- 4- +
03/21/197 S21 131000NOE 30 1ANDINGS - 4-- 4 4- SE + 4- -- 4- 4- -
0321/197 53 1 190000 NOE 200 TAKEF 1200 150 IR -0 CLEMR ATB +4-UC M -0- 09i -a- - 4- 4-
03/21/197 65 1 15:00:00 NOE 200 1WOF 0 150 + 4- um AIR -0- 00 MLQI -0- + 4- P1E-1
03/21/1979691 +- SE 200 1101114- + +4 + 4- 4-o4- -o- 4- + 14 + 4+
03/21/197 902 4- mitBIRDS 200 19101314- +4-0- 4-+ +- 4- + +4 -0- -2 -0- +
0312/1954 1 4- NOE 200 13054-- +4-- 4- 4- SE 4-O + 4- - 0- + -
W325/197 3072 4- NOE 200 TAKOF 01204- 4- 4- -4- 4- 4- + 40- 4- my
03/26/1997 66 1 19:35:00 TRY PON LOSS 200 TKOF 0 139 4- 4- FAIN All 4- YES SPTTED INIO(-4i 994 I is. wH
0/26197 67 1 40- SE 200 LARDING 0984-- +- afM 4- 4- NO 4- - 14 wI-

112/97 91 2 4- SOE 200 190114 -0-4 + + 4 4- 4- 4- 4 -- 14 -
032997 55 2 4- SE 302 M1000W + 4- R 4- 0-m SOE 4- 4- 4- - - Fli
03/9197 92 2 +- SE 200 T~w 0 1454 + 4-- 4- All) 4- 4- - +14 4
03/2/17 243 2 12:47:D NOE 201 1101 0 1144-- -0- S'A~iEE 4- NO ONE -0- - - -
03/29/197 304+- - SE 200 110100S 0 1144-- 4- 4- 4- -0- -0- 4--+4 - 4
3/0/956 1 4- SOE 301 TAKEOF -- 4- 40- AIR +- .0- 4-4+- - 4

O31VIV 082 -o- SE 200 191014- -- + - 4- + -- -o- -o- 4- + -o- +-
03Y31/197 42S2 4- SOE 200 TAKEOF -- + 4-- 4- AID - 40- 4- -0 +- - 4-
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04I /1/99107 1 22:30:00 NIE 311 MIN9 600 160 [FR DARK0-EMR SE 4- 40- 4- 4- 4- 4- S10-
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04/14/197 IN 1 40- SOE U0 tN11I 14- -- + 4- 40- SOE 4- 40- 4- 4- 40- 4- -
W417/1W 1892 4- ISE U0 m 19 05314 - -- 40- 40- 4- 4- 40- NERIEMKSTRIL 96 1 4.-
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LAK 17774 1 1.5-0- BEIJING, CHINA 1W m 3 3 0- N -0- MX No -0-

- -0- -0- DEN( OAK SAM FRCISO, CIW N YES 3110 -0- -0- -0- -0- -0- -0- -0-
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+- - - -0- UET EIA, PAKISI NO 16 3 A.,,E 2 NONE - NOE NW -
4- -0- +0- MMY-IV flmlti JIM, JAA 1W 33-- -0. -4- 4- -0 -0- +
9EE 4 I 15. X-OUR X X1IHNEM. SOUH AFRICA ND 3110 17A A,C 3 (R11PRM HIGH WfOIFD IMANTRY -0-
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+0- 2 + + ZI ZMIUIS, am NO 3110 -0- - + 4- NO -0-
-0- -0- 0- + Eli FiWEDWIN a M 3 + OF -0- NO -
-m i 4.-- L LAStTT.*I,IEX-LK YES M 3 -0- IOE -0- 4- No --
2Pl 1 14.4- 1O -- NO 17A AIG 2 COIESSR -04- -4- -0 -0-
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EIOTE EW N1 6POS ETIE SIE9EW AIRCRT pOF AUIM SPED FL IES LT.CN SIIFAER REIN AC ECI . BIDSEE BIINM BIDSE I BIRDS UTOZI CTYI
M1,97 164 2 8:53: We 2w TAKEOFF 15-O -0- 0 -0- x WM, -0 1 3. -0-

05/3/1987 252 1 16:00:00 MW 200 AP 30 --- -0- -0- 1 -0- -a YES - + -0- +
0 /197 314 2 -0- WE 200 w"l -0- -0- -0- -0- -0- -- -0- -0 -0- - -0- -0- -'
05il187 100 2 -0- OF 200 i"M -0- -- -0- -0- -0- +- -0- -0- -0- 1 -0- -0-
06/2197 165 I 20:30:00 WNE 200 AC 30 150 Y -0- SATfTU -0- -0- rS 9ALMr -0- 1 3. 4
0529/1997 112 2 -0- IDEl 300 w -0- -0- -0- -0- + -0- - -0- -0- -0-
05/0/1987 253 2 10:50. NOWE 2w AwII 82 140 -0- -4- am + O YES -0- -0- 1 -0- -0-
0 /31/1987 113 2 14:55:0 WE 300 TAEOF 0 -0- & BRIGR CLEA NNE -0- -0- -0- -0- -0- -0- -0-
05/31197 241 17:06:00 200 APoAIC 150 135 -- -0- -0- -0- YES A k. -0- -- -0- -0-

/02/198771 1 16:05:0) OE 200 IAEOFF 0 + -0- WA O Ay t o QUI -0- 1 0- lf
06/03/195/ 3 1 -0- NOK 200 tI.fi 50 120 -0- - -- -- -0- -0 -0- -0- -0- -0- 1
06/04197 114 1 14:45:0]0 NO 3 TAE O .v -0 - 0- -0- NNE -0- 4- 4-0 - - + - 0-1
06/0/1997 I15 2 -0- I" 3M LI.N5 + -0 - -- CLA -- - -0- -0- -0- -0- -0 -0-
06/08/1967 116 1 - 3w OJISE - -0- -0- -0- -0- -- 0- -0- -0- -0- -0- -0- -
091987 255 1 20:20:00 NIE 2w TAKW 0 12 -0- + ATIM AID - YES + -- 14- 4-
06/1/1997 101 1 16:10:00Wt 2WD 11511 0 120 %R +4- - 4- + YES 40- + 14- MIC
0/13/1987 117 1 - E 30 TMEOF WI -0- -0- 491 A+ + ,- + -0- -0- -0- -0- 4.

/13/197 256 2 4:03: MILT E 200 T w 0 -4- -4- SCATTEK0 -0- -0- YES + + 1 + -
06/13/1987 256 1 4:0300 r EN 200 TAKEOFF 0 -0- -0- - SATTERED -0- -0- YES - -0- 1 -0- -0-
06/ 1/197 365-+ -0- NOE 200 TKOF 0124- 1- + + - + + - 0- + - + 4-
W1/4/197 3161 40- "A 2WD UUUm" - -0 -0- -0 - -0- -0- - - -0- + -0- -o- 1S-1
06/15/197 257 2 16:45:01)DE 200 I1O 0 130 + .0- m -0- NO Y- -0- -0- -0- -,-
0617/1967 116 2 4- NOD 390 aim 0 - -0- -0 - -0- + -0- - -0- -0- - - -0- - .0-
06/17/1W 317 2 +- ) 200 I01 4- a-m- -0- -0,- - + -0- -0- -0- -0- -0- O-
0/19/1987 119 1 9:09:00 WE 300 LIlE So9 140 W A WY PILY CLOO IE NO FmOJK alIl -0 -0- -0- -0-
0/22/1987 166 I 15:45:00 NK 200 CIMBE 5M - F -4- SAT1EED -0- 4- YES S .LII 1 1 3. -0-
06/22/ 597 f + -0- 200 2W -- 114 -0- -- SCATERED - iO YES -- -0- 1 -0- -0-
06125/9V7 102 12:56:00 OE 200 LII 0 % W -- . -.- -0 E Off HORTENo 178 1 18. LAS-
06/27167 1030- -+ IWE 200 t"0 + -0- - --0- -- + -+ ERA- LP[EI -0- 1 14. -0-
06/2/1997 259 1 10:07:O0 NW 200 L4011 0 110- -- SCATTERED -0- YES - -0- 4- - -
O0"271/17 316 2 W E 200 TNW - - -0- + +- +-4- 40- 40- -0 -04-
06//11 427 1 - W 20 CLUB + -0- -0- -0- -- AID -0- 4- AI* -0- 40- -0- --
07/o2/ 7 I1 14:15:00 NW 20 D 90 120 -0- SCATT + NO YES 4- .- -0- -0- -0-
07A87 36+ -0- NNE 2w om + + + -0- -0- -0- -0- -4- -0- - --
07/A197 431 + -0- OE 300 o -0- -- -0- - 4- -0- -0- -0- .0- -0- -0- -0-
07/03/1997 319 1 - E 200 IP-0- l-o- -0- - AU 4- 4 A- +- -0- 4- -0-
074/I7 At 2 15:15:00 20 0- - 4-- +- + +i JKA - N -N -o- - - -0- - -0-
07105/i 133 2 8:25:00 Il n TEIFF -0- WI 4-CLEAR NOE - - 4- -0- 1 4 SLF-
071/1W 1 2l99 -0- W 300W 10 - + + 0- 4- + -0- -0- 1 -0-
07/07I997104 2 + WNE 200 IIIWI- - - 4 0 -0- 4- 4- +-+ 1 4- -
07/0llW7 IZ 2 0:42:00 300 LIAN - 4- +- NIN + E - 4 - -,- -- 0- 1
07111 1 32 1 12:20:W EX 2W OLI 3000 170 + -0- SCATI -0- IS is 4- -- 1-- -o-
07/13/I971051 M - NW 200 11 0- -0- - .-- +, 4- - - -0- -- -o- a

11I 71 2 +4 A nE m +S4 -- + - -o- -- ISN - -0- - +
07/1I13 12 -0- U 1 9 -4 - 4- + - 4- 4 -0- -0-
07/14/MIV 7372 - WE n APMJI 700D I3 WR MY CLEA -" )- I -- -- I
0711, n131 1 -0- WE 3 1-4.. +4. +- WE + -0- - - 14- +R
0715/I173 I .Z00 Wl 200 YIE 0 -40- - 4- IS IS -+- NO +- -
6IWMW -0- IE VA am + + + + 4- + - 4- + -- e
07A7/1W 367 -- -0- OF 20 Oil m0 155 -o- - + + 4-- -- .-0- +-- + -0-
O717AW42 4- WE 4- 1:09n4 300 135 + + + + + K -- + + --

07/1911WA14 2 K0:2:DI LIis I"8 lAw 04-,- -0- SCATIED + No - -- 2-.- -+ 0
f1iM 140 2 7:0111 NIE TM + 4 -0 -l, -- D-o + - - + ON

071rI/ 2 I5:E0 WE Up 100 125-- 4 + s -4- IS YES - -- + -0
o7fl1/w 4a 2 + WE 280 l w4 + + 4- A+D -0- -0- - -0- - - -0
07/23n 17 122 2 I9I0 E NNE I O7AOW 4- 4 +14 a + +- +- + -+- + IN
021M1 123 1 l37:0 I. 20 IHFST 0 150 - - - -- + F -0- + -- + +

B -8 . .. . . . . I I I 
'

I - I ii • i



BIR SP sIm RS N 02 3 CTRS A1UW1 LOCAE LE. SINCID ENGINE DAS O W CO[[ IICERIY PON OSS W3 VIBETROTTLE IFSD REARS
QR 0 1 3. -0- WIN ULGEMJINII M NO 1115 -0- NINE + 40- No +

+ 40- 4- 4- KUL mKLALIP, fiASIA NO 313D-0- 4- -0- -0- 4 -0 MEDIUMBIF4
-0- 40- + -NCWO CIISTOW3,NEW ZMAM1 NO 1134- + 40 .0-4 + 4-- -
-0- 1 -0- +- f0 4- 13 ]TOO -- 3 -0- 4 +0 NO +
-0- 1 3. 41M FRA FMPNWT, OW NO HBO315 -0- IDE -- 4-- NO +-
40- 40- 0- 0- NIS AMSTEDMNETHELANDS m3 m3 3 4- INE a -0- NO EV~lENT W1DDUING-RHWD
+0 14-- 40- PO ALGE,ALERA ND 1113 15 40- +- +- + - 9ALL IRD
+0 -0- -0- 40- lIE IoEIn W 1D m 3 AID 2 N 3.8 4 NO -
40- 14 + -+ OR DUBLIN,IRELAND NO 381)4+ -0- - - 13N -
+- 1+ -0 WIm NRFLK. VA YES 3M153 ID 2 -0- 4- 4 -0- -0-
-0- 40- 4- 1SG-fflNNY MIY1MJIM,i1 JAPA N 1O4 4- -0- +4+ - 4 -0- -
-4- -0 -0 ~s-FN K&S KOSGEECE 1D ME3 -0- Dl -0- 4 No +
40- 40- 4 40- GR2 W. AUTRIA NO M E3 A,H 3 HM -0 +- NO -
4- 4 4C SAL IC ~~CITY, UT YES IMB 3 A 4 NOW -4-- NO 4
+- 14-- 40- WOf FRNC ND 134-- -0- -0- 0- - -0- LW BIR
+01 1 -0- YYC-TYl) 1) ECIUTI, ALYA-M,CANAO NO 3113 ?A +- COPRESSOR -01- 4 D SUGDONGON
+- 4- 40 -0 UIZ LINZ,.ASTRIA No M IE 3 A,1I 3 o 5.0 RETD N -0-
+ 14-- 4- LIN MILAN, ITALY NO 31134- -0- 4+ 0- 4-- +- +
+- I+ + LIN MIL, ITALY NO 31134- -0- + --- -0- -

N +0 -0 -- 4 3 NIL MI.ITALY NO ]TOD315 -0- -0- + -- -0- 4

0 +- 4- 40- Is- FQ " JIMI +3 34A,C 34 + -- -0
0 34 1-- -0- ELS EAST LNDSOUHFlRICA1 NO 134-+4- 4 +- NO MEIUMWBIRD

4 - - -0- IO AHIGTN DU1,C-QMES YES M E3 NON + 10. ND- +-

-0- -0 - +30WP, TE YES MJ1E3 N-INE +4-- NO 4
k4-- 1 3.4- FM FWURT~h, GEMAN N 13 0 3153 -0- MDE -0- No 4

bY+ + 4- COG PRIS, FMI-MiL ND 31134- +- 40 4-- NO
9W19 NA37 10. 1AS-(E HE SA FRANSIOWCAUUSD YES PRO) 9A A,C,H 3 OF RETARDE NO

N Ilam + 14H.- bIN KANSIIE, TADEA N 1 B 310 IA,G 24-- -4. -0- No +-

1IN + 1 -- - TU TUNIS, TUISIA No 311-0- -0- 40- -0--C 4- +0
-+ 40 -0 +- c G11S10133,to am NO JTIl 4 AC 3- +-4+ -0- -
-0 - - 4- + DY DAYTON,0 YES 31134- 4 4- +4 -0- LWBIRD

N G4 4 F0 - AZ E M A R S R E T N A N 4D- -- -+ 4 4

RA34-1-- IF-(11OF LOUISVILL.E, KY YES LFI 3 AC3NOE 1.3+ N -0-

DF-- 1-0 <D) A3MIGO, C UFE E S m3 3 A - 4NOE +13- N -0-

JA1 0 -. BU BRSS, BLGIUM N 13 3134 + 13 4
RU + 4 +- AGRW6 YNS 111DA ND 3T1)173 . 2- 1- 0 No ARCRAFT GROUNE UEMFOD

4- +- 4 -WM XUS ILSAIHS, CA VES 313D + AACN 2 NIE + - ND FUDWIIGOUNDINCTION
us+- -0+ -011 ILI. ISTIN o ~ 3 A 48K +4-- NO FlmDUINGGODINECTION
FO 1 +0 -115 LANE TIIE,CA YES mfI 3 +0 E + *4o-ONDO GRO g uINCTIu,ILL IRD
us I1+ TLV4fC RV 11Lmg-wu, Ira N m 3 +6 NINE +4- - NO -

4- 3+ + EU ouNi, so m NO nu+ -0+ + *-4 + +-
UR 4-+ -CH 10 CNISTOIIIU 134 +A O JI 0 + -- +

+O-0 -0- + + 1K mu.Eu oU 0 i115 40- +- 4 0 0
IF+ 40- -0- 4- Ki WWUIF 1w NO W&3 A 4 + 4- -0+

4- 2+ + XFf9 FNIll 13 313+ + + 4-4 +3 4
Foj + I- goLTO MTI C, R YES MI 3 A,C 3 W 01- + N1o
N3 + I1 + - mi. ETgam No JIM34 + +4- + 4- +0

4- 4 4 +0 1 EmI a.T-mi YE IMT9AA 411 +4 -- +o Fm UAE UK
a3 + 1+-0 Kn-Ufn UIf RA.WI N i3 1NS7 ACIR 2 + e-- + 3 --+

+ 4 -0- + WA* On, I111 N 13 f1IS +0 E(JEC 4-- NO sim ORIN CIN

............................................................A. -



EMIE EVII EPOS ETI[E SIEW AIRAT PO TITME SED FI RUB LTCNDSIEATER MC CABIH D SEE BIRD W BIRD E I BIRDS T01 CTYY AIRPOT07/26/1981 124 2 9:5/00 AIUTY 200 TAKEO 100 150 " + -0- All -0- -0- LM IWMDULL 1 2 I 40. YYZ-YQ0 TY07/26197 141 2 - U LANI 0 8D-- -0 - 0- + -0 , -0 0 1 +07/26/1987 2661 20:37:0 OF 200 TAKEOFF + 140 -0- - a.E + NO YES -0- 1 -0- + 0
0712711987 31 1 0 4 DE 200 TAKEF-0- 130 -0- -0- -0- AID +0 -0t- -0- + -01 -0- + Wi07/291967 126 1 17:45:01E 200 TAKEFF 070 - -- -0- - YES SOTTEDDO 265 1 6. IT-K [to07/29/1967 1421 0 01 300 TAEF -0 - -0- -0- + -0- -0-+ -0- -+ as- NIS0729/1987 368 2 - NIE 200 WI I0 - - - - -0- - -0- - -0- -0- - -0- m07/WI967 127 1 4:55:00 ATOM 200 TAEOFF 0 10 WiR -0- am ATO -0- - -0- -0- -o- + T-RE TL07/30117 32 + -0- NOW 200 TAKEFF 0 100- + -0- -0- -0- -0- -0- + +- -0- -0- 19-O4KIA107/31/1987 143 1 -0- NOW 300 LNV1]9-+ -0- -0- -0- t -0,- -0- -0,- - 1 -0- la-0 I071/311117 144 1 9:55:00 MIT BIRD 300 TAKOF 500 +1 BRIGHT 0CAWT All -0- NO + -0 2 -0- -0- AOL08/031997 1281 -0 - O 200 Lum -0- -0- -0- - -0- - - -0- -0- - - -0- 1'008/3187 9 2 -0- WE 200 TIN 090 W DAY PARLY CLO AM NO YES + -0- R-f9RAP00/03/197 205 2 -0- NI 200 I -0- " -0- -0- -0- + - -0- -0- -17 WO08/03/97 267 2 9:22:00 ILT BIRD 200 LAtl 0 -0+ -0- -0- IW.O CL -0- -0- %EM ULLI -0- -2 0. ME-Z1N N 40/0/1987 369 -0- -0- WE 200 AP RW I000 140 -0- -0- -0- -0- -0- -0- -0- - -o- - -0- 0W06/04/199721 2 -0- HO 200 T01FF -0- -0- -0- -0- -0- AMD -0- -0. -0 -0 -0- -0- 101-UD TAN

08/04/197 33l -- H WE 200 TLlF -) + -0- -0- -0- -0- + + -0- -0- - -0- W6-193 I
0/OI1W7 145 1 N+ 300 U 1 1 -0- + L 0 1 . MI NONE -0- w +-0- -0- -0- -Q. GS
08/0/I97 146 1 -0- 1011 U 30 LNDING9 +--0- + - 4 C -- -0- + -0. -0- -18 IBO06415/197 1462 -0- ILT 6 300 1001980 +-0- -0- NE -D -0- -0- -0- -0- 1-0- -1- - 18Z09117 27 1 -0- WE 20D NO0 -0- -0- -0- -0- + - -0- -0- -0- -0- - - W O
(1817 2370 + NOW 2 MUFF 01 10 + + - +- 0 0 -0- -0 -0- -0- -0- FRA

806/1487 471 -0- OW 300 m -0 -0- " --0- -0- - -0- -0- - -0- -0- -40
0/13/197 20 2 -0 NOE 200 om110 -0- -0- -0- - - -o- + + -0- -0- -0- -0- -Y7YWO
81/1907 4 9 00 nE 3 -00 11198 20 135 -0- -0- + -- E -0- -0-+ -0- - is
06/1711987 13102 15:300 F 2E LaN -0- -- -0 + + 12- - -[ w- -0- -0- Y-YYC YYC06/17/19714 2 + - IE 300 a13m -0- -0 -- -- -0- + -o -C -0- 0- -- -AM
W619/197 131 I -0- MY BIRDS 200 N00 0 -0- -f- -0- -0- -0- + YES KIUJEER -2 3. )OYXS YXS
0/0/197 2091 -0- I 200 1om2-1 0 -0- -0- -0- 4 ) -+ - -0- -0-+ -0- -3i1 .O
W/72/198732 1 -0- IN1E 200 ON -'- -0- + -0- -0- -0- .0-- - -0- -0- +-- IS-FOA1
02L/19 7371 1 + NINE 200 N 03+ -0- -0- + + - -0- + + -0- -a10WWm197 3f21 + NME 20 1100+ + + + -- + + -o- SUN' +0 -+ + -FO F
02 V31 73732 + W 200 TI + + + + + + + +S + + + + + STY
08/ 197 210 -2 -0- E 200 Tm 0 -0 -'0- "-0- + + - - " 0- + + -YE O
08/26/197 IN51 8:2:00 MF 20D T0N19 0 + R 0- ATTEED + + YES + -- -'0- + "Y0- L
M M/23/197374- + -0- iO 200 TKEFF 0 140- - + + + -0- -0- + -0- -0- +(3/2/1997 451 + + OF U0 TAKEOFF 0 4 + NIWIM M AID NO NO + + + + +0 LEI0/291967 21 -- INE 200 TEF --0F- + -0- + -+ A - -0- -o -0- -0- -0- - CP O
08/2/197 211 2 + WE U0 U1011 -0- + + + 1 + + + +0 0 + +0 + -13.110O0/19/1967 26 1 + LT 91D 20 TAFF 0 - -0- IEL011OS + + YES p -0- 2 3. FI-U4FOO/V1/197 326 2 + IDE 200 TNEW F + + -o- + + -- - -0- -0- + + - RN08/31/1W 7149 2 + IDE 300 M 0 + -0- - + + -0- - -0- + -0- -0- -0- -109mI0/3117 150 1 + IwE 30D Ll .0- + + -0- + + + -0- + + + + -I1010/311117 151 2 + IDE 300 mm + -0- + " -0- + -0- -- - -0- -0- -0- -4)Im0831/1W 1 8:06:00 N 20 AOFF 0 + WSR -0- +- + 01 I + 1 "+ DUS-zI u0/01/l9 327 1 +- ME 0 IAKOF 00-0- -0- --+ + + RI PIEN -0- -0- + -0- FIC0A/5I'/JN I -0- W0E LI8 + + -0- -+ - -0- -0- + + * Q54IN09/03Iv7 375I + NiE 200 Ul + + + -- + + + + + -0- + + -0- 09/06/197 132 2 10:15.IE U0 LAlO 0 -0W + MA + + w am 21I 1 5 . I-I iceMUM 152 1 + NNE 300 1 -+ - -0- -0- + -0- 0- -- + + + + wo0/07/9 V I --1 -0- E0 - -0'- -0- NO Las -0- -+ -0- + + + + --0/U/I1744Y 2 -0 200 05 35 130 W MY M -+ NO U FOCK Ii- -0- + -0- -0- NM1 303 2 + ft 20 TIKE + 140- -0- - A + - -0- -+ + + 0R
Of/I 1/W 1531 + ME U0 /1+ - + -0- - -0- + + - + + + 4x )n09/I0/1 704 4 6:25.0 U n I1 0 1 + -o + + + + MM OR FIL& 4- + + + F Aw/I/I9212 2 + w U + + + + + + + + + + + + -YYCE*/I/ 270 1 17:4.0 i 20 !i 0 110 + M 1 5 0+ NO YES +i I + OEM a



,ID SPE i 61j UT
r 
OZ I CTY M AIRlPORT LOW US INCID ENGINE M CODE SERITY P0lI LOSS I VIBE 1ROTLE IFSD Ro m
4o. YYZY- YY TORONTO, ONT., CANADA NO J[0 9A A,BGH 2 CO SSOR YES -0- YES E T IN I DLPE h ' t. 1K

4- ow-S E LUF, 6E9M, NJ m 3 ...1- NE -+ -0- No -
4 XFO ITAY NO JTTO ES- -0- 0 -0- -0- '-0- -'0'-

- O- -0- ID 10 Jil -0- +A,,H 2 -0- + -0- -0- E S- IM

. 6. IT"HK 10 iO H II W YES JBO ?A -0- - -- -D- NO STOGDOR IN CBIN

-2 0 S- IS 0IM , EIIHERLN)S No CFMIl6 3 -0- No 4- -0- NO -0-

-0- E-0-m-0 -0- E S JTiO I A,C -- - - -0- .0- -0-

+ -- -.z It EMLIN, IEIST N 3T8 IA +,C,G, 4 -0- 4-CUTOFF EP FA CW ,E91 WON ON IAX],ClO DAM

i -0- I%-A Is& IHIM I, JAIA NE JT O -0-- 3-0- -0- -0- - -.0-

" , 10 I- ou HOU HOUSTN,61 YES m 3 -0.- N E .5 -0 - NO STROIS ODO IN CABIN

02 + - At LIBAIE, S. NJST IA N 16 3 A,8OS 2 --0- -0- 1ETO No -0-

- - 1 80 N E , MOR AFRICA ND 1 -0- -0- -0 -0- -0- -0- -0-
I ~ -0 A P I D C[ITY S. OAK YE ,TOD 9 -0- OPRE WSO -0- -0- -+ 12 EN61INE STALED Al 8D KTS, R FINT

, + Y -0- 10- - D O NT., CAADA NO .T D -.0- - + -0- -0- -0- -0-
, tO- -2 tO, tf-Z4 N ZURICH, SIIOAN NO io 15 -0- -0- + -.0- No '-0-

DELI- -0- + + % IV BEA FRONEII 13 3115 -0)- ND- i-- 4- -0- -O-

.+ --D- -+ -YYz r Sa l SU.T E. HI E, CM16 3 N JIM 9- -0- -0- -+- +- -- E FAILIE

1N2 00- U HL6 5 LINGTON, ZEALAND NO Ji. -+- A,C 3 -0- -0- 4- + -0-

L -0- 4- f5 ThRSI%, ENE.LAD No m 3 , 3 N 3.5 - - NO Ef C I-IPH

+PI,' 1 4 - YW-i 1817M,, SAIN ND 3 M 3 A.4 3 N 2.2 --0- No -0-

COD- 0- + -18 IS Z I B1ZA, SM A ND M 3 AH 3 NONE -0- -0- NO -0-

YE, o 4 + r XG Nm3BC.CAAN 1 O -10-I 4 4 -0- 4 +3 E-1110(X2-B

T -- - - 11 . B .C , -- -0- -0- -0- -0- -0- -0-

D 0_+ + 4 -0 0 , NO M 3 A 4 OE -0 - ND Fe ow G IJC,S M S REPLACED

0, 0 - -0- - Z wo T I , ONT., 3 N 3jO -0- -0- -0- -0- -0- -

R1, - -0- s- TS 9TE, w NO 33 -0- -.0- -0 4- -- -0-

Y,A,1- + N-1 CRATAU,CANAD N iAA 13 0+3 + + -4- NO -0-

J-4o- 4- + .s a ORNGE COUNTY, CA YES Jt 3 A,CH 3 NOE HIG -.0- ND ---
GEMP -2 3. YXJ-YXS YXS PRINCE mKllI,.C., CAAD NO JTO 15 -0- +0 -0- ..+ NO OMEI E61 INC O 70 DES.C,2-,4 DIMS

A I sk 0- + 4-Y 4-To IELM, B.C., 1 CW04 NO JT 0 -0- -0-- - -0-

, - - -0- 4-. FO IEOITBKI NO i1n3 + -0- -0- -0- -0- -0- -O-

LSE.- -0- + -1 0 11 IMS., .6I NO .' -0- -- . 4-4- + -0-

E., ;o- 4 4 -fop 1O FOTAE. CEO, mZIL ND Ja 4- - 0- -0- -0- 4- -

I101 -- - - -0- MJSIa, INDIA NO 315+ 4 -4- + 4- 4- -

IN, AO + 4-Y -[0 CUM VA5 , US NOE i16 -0- SE- -0- -0- -0- +JEI6E3SC

), A0- + + l-t30 K 1 i, JAIOS NO ,36 9A AC,6, I OF -0- -0- NO 2,1t STA6E F BMLES M F1 , 2nd DAN

,-O- -0- - - H IN LIN' YS ,113O 15 -0- +- - -O.-

[ON, - + + .. LEX LEX-II3 KY YES JT .. -0- -0- -0- -0- 1 I BIE' T, LOU ENINE NOISE

PORT-c- -0- + -- OP PORTO. PO NLO ,8 -- -0- - - - + +

.% - - -0-- -iO 0 FT. S. JN, .C., CAAD 11 m + AX 3+ -0 - -0- -+-
PT, -0 2 3. F'A-LN1 FR FW , O W ND} i Is -0- -+. YES +0 NO SffTm - VIBRATION

4, r-. + - -- PM Msam 11 Z J-ID0 3-0 4- -0- -0- + +l -I-

.R-0 + s.-nm Its wo.r YES m315 A. + OF - - + 1N 1PD U OD INIECEUI

,P+- - - g011 L ,Pag 1 NO 3m 3 + 4 SE 4- - ND 3FIL3 SFA OIW U

i +- + -0- 4 JIIBIX, aZl YES M 3 A 4 g -0 - NO I FOP L

0110- I .- - mW Onn0 1w T1 AD + 45 -0- + + +

1,4- -0- 4 -0- F13 If ., f 1 3134- -M .- -.0-- -0.- -0- -

N6 --. -0,- w ro im NOm TAM ID-- 3 -+. -.0- .,* t. -0.-O SM

FL 3(I I 56. 100-IM AOM., FL VE JTMD 7 AK 1 -4 +0 *0 NOd LPCO "KEDwm NIEOT o vi

,'4- + - -U 10 USlM. No 90 13 3 -o- SE + + NO : OIMIN 0500 fI1

'-0 -0- -0- 1o, Hll 13 w3 -- in- -+- -o- -- -0-

, -0- - - -.0- ff am, Is A0 5 3 15 + -0- -0-N- ENT
m y,+ -0- + + m M ISLT, MIC le in -0- +0 umss 0.- 4 OO

0+ + +.-f 50 U Kl, 00M HD m 3 +.. OF -0- -0 No FUBD UOUID MSPTION

111, -,- + + FR FM M .00M NO m 3 -+. +0 -.+ +0 + -+

A, + + -m we ou, vA., am 0l =1 +4 +0 +0 0 -0- +- +

"o- I - 1-K Ia NIo. am ID J11D 15 4- -0- -0-4 -- ND sIwlIS

B-9

',,/--Vi i i i l



EDAM EI 96Ps ETIME SIiEvI AIRCRAF 9W IUIUE VED FLRBI LNICISEATER CE CiRE. ALIISEE BIDI 91WBDSPE I61lMS UT OZ.I CP
09/13/1987 154 1 -0- F 300 TAEOF -0- -4- .-- -- NONEk 0 - 4- -0- -0- -0- YIl

09/14/1987 172 2 -0- O 200 Mm -0- -0- - 4- -0- -0- 4- - 0 ---0- PU

0911511961 IS 2 9:06: NNE 30D TMEOFF 0 140 IFR BRIGHT CLEAR AI NO OW NI0-SHIME HWK 31105 1 6. 4

09/15/7376 I .-0- NE 200 LMIN -0- -0- -0- -0- 4- - - -0- +0- -0- -0- -0- Oa

09/161967 156 1 13*33:00 OE 310 11 -0- -0- Wa W1ii am N - -0- Ys mtu-LLE a= SI I ?. my,

09/16/1997 377 .- + N 200 Wu -0- . -0 -0. -0- - -0- + +- -0- -4

091/171l 1l57 I 4- + E 300 IFI - WI - 4- -4% 0(4- -0- 4- -0- -0- -0-

09/17/190 271 1 18:45:00 OF 200 1TKEFF 20 150 4- 1- -- -0- NO fLEK -0- -0- 0- N

09/11197 331 2 - OF 200 .I4 - 40 - 0 4- - -0- -- -i. -0- -- -0- -0

09117/1W 379 -0- + IE 200 TKEOF 20 150 4- -- -0- 4- -0- -- 4- -- - -0- -0

09/19/196 150 1 - I 0.- + 340 m - + + 4 -0.- 4- 4- 0- -0- -0-
09/8/196 7 167 1 16:50:00 IE 200 TAKEOFF 20 150 WI -Q.- 4- AIR -0- NO -+ 1 4. il

09/tf[ 79 2 -0- IWE 200 I +. - -- -0- -4- "4- -4- -- -4D- + -.- -4- -0

09/20/1967 332 1 -0- 200 MIEF -+ 140 - -0- -0- AID - - -- -0- -0- -0- -O0

09/22/117 159 2 0:43:00 N* 300 a .+ ,0- a amW 01 IDE -.- 4- -- -0- I -o III
09/22/1967 169 1 9:57:00 NME 200 lAKFF 0 -O- -0- MUM AID - N D l --0- I 14.0'

19/22/9272 1 4- NE 200 low -0- -0- -- -- -0 4 - - I.lEi -0- 1 -0- -0

09/23/1967 160 1 19:20:0 W 300 N= -0- -0- DA CLE A I -- - - -0- -0- - t

0923/I967 450 2 -0- ONE 200 TAIOFF - 9 a Y PATLY m AlM N 1NO NO -W- 1 -0- -0

0/'4/1 7 390 1 -0- OF 200 = -'0- -- -0- - -- -- -0 - -0- 0- -0- -0- -O

0/2/11W 333 1 .- NNE 200 N 0 - 4-0- - -0- -0- -- 0- -4- 40- 4- -- 4- Is

09M/167 334 1 -- UM 20 3000.- m- -4- +- *- +- + - -a--- -+ - -0-

09129/111 1 17:7k3:00 N 200 TAKEOF-- - -- WI + -0- o- -o- - NO 4- +-- - - Cu

09M//196 173 2 -4- WE 200 ll1 0. - 4-- -- + 4- -0- -- NO -- -- 1-0-

0/30/17 204 1 -- INE 300 .M -0- -0- -0- -4 I -0- , OR - -0- 1 -0-
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0- - 0- "4- SCI POHO BAY, ALM YES J1W +O -0- + 0 + -- -0- "-
-0- -0- -0- lm DJIMID, ENRII NO JTgW 15 -0- - 0- -0- 0- -0-
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- - + 0 AUS-O a HOUSTON, TEX YES M 3 AB 3 iW -0- -- NO FI= OUWING GROUN ilEIDIO
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0- -- -0- - 110 - ND HOD -0- A,G 2 + -0- 0- + -
-0- + -- I G-OKA )FO ,AN NO , -0- -0- + + -0- + +

- - -+ - F0 AUXAND, , &1) NO 3 + A,C 3+ -0- -0- -0- +
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APPENDIX C

STATISTICAL HYPOTHESIS TESTING

Statistical analyses are based on an underlying probabilistic model of the
processes that give rise to the data. For example, to provide the basis for
comparing the weights of ingested birds in the United States and overseas it is
necessary to hypothesize an underlying random distribution of bird weights.
Statistical analyses are somewhat more sophisticated than descriptive data
analyses and more care is required to ensure that the methods are appropriate for
the data.

Statistical analysis is basically formalized inductive reasoning. Hypotheses
about bird ingestion hazards are evaluated for consistency with the data that
have been collected. Statistical analysis provides the rules for quantifying the
level of consistency forming the basis for objective unbiased decisions. The
process is known formally as statistical hypothesis testing, and a brief outline
of the procedure is presented here.

The basis of a statistical hypothesis test is the hypothesis, which is a formal
statement about a relationship in the data. In comparing the weight
distributions of U. S. ingestions versus foreign ingestions, one hypothesis is
that there is no difference in the sizes of the birds ingested here versus those
ingested overseas. If the data are found to be consistent with the hypothesis it
is accepted; otherwise the hypothesis is rejected.

The rules for deciding whether to accept or reject the hypothesis are based on
the possible errors that could be made. A type I error refers to the situation
in which the hypothesis is true; however we reject the hypothesis.
Alternatively, when we accept the hypothesis when it is not true we commit a type
II error.

The goal of the statistician is to miniaize the likelihood of both types of
errors. Unfortunately the likelihood of a type I error is reciprocally linked
to the likelihood of a type II error so that lowering the likelihood of a type I
error will increase the likelihood of a type II error. Since only one error can
be fully controlled, it has become standard practice to control the likelihood of
a Type I error, which is called the significance level of the test. The test
hypothesis is chosen so that it should be accepted unless there is strong
evidence that it is not true, and the test is constructed to minimize the
likelihood of a type II error for the given significance level over a broad range
of alternatives.

The mechanics of conducting a statistical hypothesis test are implemented by
calcnlating a test statistic. The test statistic is a function of the data that
are related to the test hypothesis. It is usually constructed so that small
values are consistent with the null hypothesis and large values are consistent
with the alternative hypothesis. The cutoff for accepting or rejecting the null
hypothesis is called the critical value and is a function of the desired
significance level.
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Another aspect in evaluating the efficiency of a statistical test is its ability
to detect when the test hypothesis is false. This ability is called the power of
the test and is defined to be the probability of rejecting the test hypothesis
when it is false. Generally there are many alternatives to the test hypothesis
so that the power of the test is a function of the specific alternate
hypothesis.

A variation on the statistical hypothesis test is the calculation of a
confidence interval for a parameter such as the overall probability of ingestion
(POI). Since there is no specific hypothedis about the POI, a confidence
interval is used to describe the range of probabilities that are consistent with
the data. The confidence level associated with a confidence interval corresponds
to one minus the significance level of a hypothesis test and is a measure of the
likelihood that the true value of the parameter (in this case the P01) is
contained in the interval.
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